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Introducción a la Ecología 
class="introduction" 


By the end of this section, you will be able to: 


e Define ecology and the four levels of ecological research 

e Describe examples of the ways in which ecology requires the 
integration of different scientific disciplines 

e Distinguish between abiotic and biotic components of the environment 


e Recognize the relationship between abiotic and biotic components of 
the environment 


The (a) deer 
tick carries 
the 
bacterium 
that 
produces 
Lyme 
disease in 
humans, 
often 
evident in 
(b) a 
symptomati 
Cc bull's eye 
rash. The (c) 
white-footed 
mouse is 
one well- 
known host 
to deer ticks 
carrying the 
Lyme 
disease 
bacterium. 
(credit a: 


modification 
of work by 
Scott Bauer, 
USDA 
ARS; credit 
b: 
modification 
of work by 
James 
Gathany, 
CDC; credit 
a 
modification 
of work by 
Rob Ireton) 


(a) (b) (c) 


Why study ecology? Perhaps you are interested in learning about the natural 
world and how living things have adapted to the physical conditions of their 
environment. Or, perhaps you're a future physician seeking to understand 
the connection between human health and ecology. 


Humans are a part of the ecological landscape, and human health is one 
important part of human interaction with our physical and living 


environment. Lyme disease, for instance, serves as one modern-day 
example of the connection between our health and the natural world 
([link]). More formally known as Lyme borreliosis, Lyme disease is a 
bacterial infection that can be transmitted to humans when they are bitten 
by the deer tick (Ixodes scapularis), which is the primary vector for this 
disease. However, not all deer ticks carry the bacteria that will cause Lyme 
disease in humans, and /. scapularis can have other hosts besides deer. In 
fact, it turns out that the probability of infection depends on the type of host 
upon which the tick develops: a higher proportion of ticks that live on 
white-footed mice carry the bacterium than do ticks that live on deer. 
Knowledge about the environments and population densities in which the 
host species is abundant would help a physician or an epidemiologist better 
understand how Lyme disease is transmitted and how its incidence could be 
reduced. 


Ecology is the study of the interactions of living organisms with their 
environment. One core goal of ecology is to understand the distribution and 
abundance of living things in the physical environment. Attainment of this 
goal requires the integration of scientific disciplines inside and outside of 
biology, such as biochemistry, physiology, evolution, biodiversity, 
molecular biology, geology, and climatology. Some ecological research also 
applies aspects of chemistry and physics, and it frequently uses 
mathematical models. 


Note: 
Link to Learning 
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Climate change can alter where organisms live, which can sometimes 
directly affect human health. Watch the PBS video “Feeling the Effects of 


Climate Change” in which researchers discover a pathogenic organism 
living far outside of its normal range. 


Levels of Ecological Study 


When a discipline such as biology is studied, it is often helpful to subdivide 
it into smaller, related areas. For instance, cell biologists interested in cell 
signaling need to understand the chemistry of the signal molecules (which 
are usually proteins) as well as the result of cell signaling. Ecologists 
interested in the factors that influence the survival of an endangered species 
might use mathematical models to predict how current conservation efforts 
affect endangered organisms. To produce a sound set of management 
options, a conservation biologist needs to collect accurate data, including 
current population size, factors affecting reproduction (like physiology and 
behavior), habitat requirements (such as plants and soils), and potential 
human influences on the endangered population and its habitat (which 
might be derived through studies in sociology and urban ecology). Within 
the discipline of ecology, researchers work at four specific levels, 
sometimes discretely and sometimes with overlap: organism, population, 
community, and ecosystem ([link]). 


Organisms, Populations, 
and Communities: In a 
forest, each pine tree is an 
organism. Together, all the 
pine trees make up a 
population. All the plant and 
animal species in the forest 
comprise a community. 


Ecosystems: This coastal 
ecosystem in the 
southeastern United States 
includes living organisms 
and the environment in 
which they live. 


The Biosphere: 
Encompasses all the 
ecosystems on Earth. 


Ecologists study within several 
biological levels of 
organization. (credit 

“organisms”: modification of 
work by "Crystl"/Flickr; credit 

“ecosystems”: modification of 

work by Tom Carlisle, US Fish 
and Wildlife Service 
Headquarters; credit 
“biosphere”: NASA) 


Organismal Ecology 


Researchers studying ecology at the organismal level are interested in the 
adaptations that enable individuals to live in specific habitats. These 
adaptations can be morphological, physiological, and behavioral. For 
instance, the Karner blue butterfly (Lycaeides melissa samuelis) ([link]) is 
considered a specialist because the females preferentially oviposit (that is, 


lay eggs) on wild lupine. This preferential adaptation means that the Karner 
blue butterfly is highly dependent on the presence of wild lupine plants for 
its continued survival. 


The Karner blue butterfly 
(Lycaeides melissa samuelis) 
is a rare butterfly that lives 
only in open areas with few 
trees or shrubs, such as pine 
barrens and oak savamnas. It 
can only lay its eggs on 
lupine plants. (credit: 
modification of work by J €z 
K Hollingsworth, USFWS) 


After hatching, the larval caterpillars emerge and spend four to six weeks 
feeding solely on wild lupine ([link]). The caterpillars pupate (undergo 
metamorphosis) and emerge as butterflies after about four weeks. The adult 
butterflies feed on the nectar of flowers of wild lupine and other plant 
species. A researcher interested in studying Karner blue butterflies at the 
organismal level might, in addition to asking questions about egg laying, 
ask questions about the butterflies? preferred temperature (a physiological 
question) or the behavior of the caterpillars when they are at different larval 
stages (a behavioral question). 


The wild lupine 
(Lupinus 
perennis) is the 
host plant for the 
Karner blue 
butterfly. 


Population Ecology 


A population is a group of interbreeding organisms that are members of the 
same species living in the same area at the same time. A population is 
identified, in part, by where it lives, and its area of population may have 
natural or artificial boundaries: natural boundaries might be rivers, 
mountains, or deserts, while examples of artificial boundaries include 
mowed grass, manmade structures, or roads. The study of population 
ecology focuses on the number of individuals in an area and how and why 
population size changes over time. Population ecologists are particularly 
interested in counting the Karner blue butterfly, for example, because it is 
classified as federally endangered. However, the distribution and density of 


this species is highly influenced by the distribution and abundance of wild 
lupine. Researchers might ask questions about the factors leading to the 
decline of wild lupine and how these affect Karner blue butterflies. For 
example, ecologists know that wild lupine thrives in open areas where trees 
and shrubs are largely absent. In natural settings, intermittent wildfires 
regularly remove trees and shrubs, helping to maintain the open areas that 
wild lupine requires. Mathematical models can be used to understand how 
wildfire suppression by humans has led to the decline of this important 
plant for the Karner blue butterfly. 


Community Ecology 


A biological community consists of the different species within an area, 
typically a three-dimensional space, and the interactions within and among 
these species. Community ecologists are interested in the processes driving 
these interactions and their consequences. Questions about interactions 
between members of the same species often focus on competition a limited 
resource. Ecologists also study interactions that happen between different 
species. Examples of these types of interactions include predation, 
parasitism, herbivory, competition, and pollination. These interactions can 
have regulating effects on population sizes and can impact ecological and 
evolutionary processes affecting diversity. 


For example, Karner blue butterfly larvae form mutualistic relationships 
with ants. Mutualism is a form of a long-term relationship that has 
coevolved between two species and from which each species benefits. For 
mutualism to exist between individual organisms, each species must receive 
some benefit from the other as a consequence of the relationship. 
Researchers have shown that there is an increase in the probability of 
survival when Karner blue butterfly larvae (caterpillars) are tended by ants. 
This might be because the larvae spend less time in each life stage when 
tended by ants, which provides an advantage for the larvae. Meanwhile, the 
Karner blue butterfly larvae secrete a carbohydrate-rich substance that is an 
important energy source for the ants. Both the Karner blue larvae and the 
ants benefit from their interaction. 


Ecosystem Ecology 


Ecosystem ecology is an extension of organismal, population, and 
community ecology. The ecosystem is composed of all the biotic 
components (living things) in an area along with the abiotic components 
(non-living things) of that area. Some of the abiotic components include air, 
water, and soil. Ecosystem biologists ask questions about how nutrients and 
energy are stored and how they move among organisms and the 
surrounding atmosphere, soil, and water. 


The Karner blue butterflies and the wild lupine live in an oak-pine barren 
habitat. This habitat is characterized by natural disturbance and nutrient- 
poor soils that are low in nitrogen. The availability of nutrients is an 
important factor in the distribution of the plants that live in this habitat. 
Researchers interested in ecosystem ecology could ask questions about the 
importance of limited resources and the movement of resources, such as 
nutrients, though the biotic and abiotic portions of the ecosystem. 


Note: 

Career Connection 

Ecologist 

A career in ecology contributes to many facets of human society. 
Understanding ecological issues can help society meet the basic human 
needs of food, shelter, and health care. Ecologists can conduct their 
research in the laboratory and outside in natural environments ([link]). 
These natural environments can be as close to home as the stream running 
through your campus or as far away as the hydrothermal vents at the 
bottom of the Pacific Ocean. Ecologists manage natural resources such as 
white-tailed deer populations (Odocoileus virginianus) for hunting or aspen 
(Populus spp.) timber stands for paper production. Ecologists also work as 
educators who teach children and adults at various institutions including 
universities, high schools, museums, and nature centers. Ecologists may 
also work in advisory positions assisting local, state, and federal 
policymakers to develop laws that are ecologically sound, or they may 
develop those policies and legislation themselves. To become an ecologist 


requires an undergraduate degree, usually in a natural science. The 
undergraduate degree is often followed by specialized training or an 
advanced degree, depending on the area of ecology selected. Ecologists 
should also have a broad background in the physical sciences, as well as a 


This landscape ecologist is 
releasing a black-footed 
ferret into its native habitat as 
part of a study. (credit: 
USFWS Mountain Prairie 
Region, NPS) 


Note: 
Link to Learning 
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Visit this site to see Stephen Wing, a marine ecologist from the University 


of Otago, discuss the role of an ecologist and the types of issues ecologists 
explore. 


Section Summary 


Ecology is the study of the interactions of living things with their 
environment. Ecologists ask questions across four levels of biological 
organization—organismal, population, community, and ecosystem. At the 
organismal level, ecologists study individual organisms and how they 
interact with their environments. At the population and community levels, 
ecologists explore, respectively, how a population of organisms changes 
over time and the ways in which that population interacts with other species 
in the community. Ecologists studying an ecosystem examine the living 
species (the biotic components) of the ecosystem as well as the nonliving 
portions (the abiotic components), such as air, water, and soil, of the 
environment. 


Review Questions 


Exercise: 


Problem:Which of the following is a biotic factor? 


a. wind 

b. disease-causing microbe 
Cc. temperature 

d. soil particle size 


Solution: 


B 
Exercise: 


Problem: 


The study of nutrient cycling though the environment is an example of 
which of the following? 


a. organismal ecology 


b. population ecology 
c. community ecology 
d. ecosystem ecology 


Solution: 


D 


Free Response 


Exercise: 


Problem: 


Ecologists often collaborate with other researchers interested in 
ecological questions. Describe the levels of ecology that would be 
easier for collaboration because of the similarities of questions asked. 
What levels of ecology might be more difficult for collaboration? 


Solution: 


Ecologists working in organismal or population ecology might ask 
similar questions about how the biotic and abiotic conditions affect 
particular organisms and, thus, might find collaboration to be mutually 
beneficial. Levels of ecology such as community ecology or ecosystem 
ecology might pose greater challenges for collaboration because these 
areas are very broad and may include many different environmental 
components. 


Exercise: 
Problem: 
The population is an important unit in ecology as well as other 
biological sciences. How is a population defined, and what are the 


strengths and weaknesses of this definition? Are there some species 
that at certain times or places are not in populations? 


Solution: 


Itis beneficial to consider a population to be all of the individuals 
living in the same area at the same time because it allows the ecologist 
to identify and study all of the abiotic and biotic factors that may affect 
the members of the population. However, this definition of a 
population could be considered a drawback if it prohibits the ecologist 
from studying a population's individuals that may be transitory, but 
still influential. Some species with members that have a wide 
geographic range might not be considered to be a population, but could 
still have many of the qualities of a population. 


Glossary 


e abiotic: nonliving components of the environment 

e biotic: living components of the environment 

e ecology: study of interaction between living things and their 
environment 


Biomas: tipos, factores y ejemplos 
Biomes 


Key concepts 
In this session we will focus on summarising what you need to know about: 


+. Terrestrial and aquatic biomes of Southern Africa. 
*« How climate, soil and vegetation influence the organisms found in each. 
* Location of the different biomes in South Africa. 


Terminology €: Definitions 


Biomes can be defined as the major climatic regions of the world, classified according to their predominant 
vegetation and characterised by adaptations of organisms to that particular environment. 


Content 


The biosphere can be divided into relatively large regions called biomes. A biome has a distinct climate and certain 
living organisms (especially vegetation) characteristic to the region and may contain many ecosystems. The key 
factors determining climate are average annual precipitation and temperature. These factors, in turn, depend on the 
geography of the region, such as the latitude and altitude of the region, and mountainous barriers. The major types 
of biomes include: aquatic , desert , forest , grassland and tundra . Biomes have no distinct boundaries. Instead, 
there is a transition zone called an ecotone, which contains a variety of plants and animals. For example, an 
ecotone might be a transition region between a grassland and a desert, with species from both. 


You will be required to learn about terrestrial and aquatic biomes. 


Aquatic Biomes 


Water covers a major portion of the earth's surface, so aquatic biomes contain a rich diversity of plants and 
animals. Aquatic biomes can be subdivided into two basic types: freshwater and marine . 


A freshwater region has a low salt concentration, usually less than 1 percent, and occurs in several types of 
regions: ponds and lakes, streams and rivers, and wetlands. 


e Ponds and lakes range in size, and small ponds may be seasonal. They sometimes have limited species 
diversity due to isolation from other water environments. They can get their water from precipitation, surface 
runoff, rivers, and springs. 

e Streams and rivers are bodies of flowing water moving in one general direction (i.e., towards the sea). 
Streams and rivers start at their upstream headwaters, which could be springs, snowmelt or even lakes. They 
continue downstream to their mouths, which may be another stream, river, lake or ocean. The environment of 
a stream or river may change along its length, ranging from clear, cool water near the head, to warm, 
sediment-rich water near the mouth. The greatest diversity of living organisms usually occurs in the middle 
region. 

+ Wetlands are places of still water that support aquatic plants, such as cattails, pond lilies and cypress trees. 
Types of wetlands include marshes, swamps and bogs. Wetlands have the highest diversity of species with 
many species of birds, mammals, amphibians and reptiles. Some wetlands, such as salt marshes, are not 
freshwater regions. 


Marine regions cover nearly three-fourths of the earth's surface. Marine bodies are salty, having approximately 35 
grams of dissolved salt per litre of water (3.5 percent). Oceans are very large marine bodies that dominate the 
earth's surface and hold the largest ecosystems. They contain a rich diversity of living organisms. Ocean regions 
can be separated into four major zones: intertidal, pelagic, benthic and abyssal . 


+. The intertidal zone is where the ocean meets the land. Sometimes, it is submerged and at other times exposed, 
depending upon waves and tides. 

+ The pelagic zone includes the open ocean further away from land. 

+ The benthic zone is the region below the pelagic zone, but not including the very deepest parts of the ocean. 
The bottom of this zone consists of sediments. 

+ The deepest parts of the ocean are known as the abyssal zone . This zone is very cold (near freezing 
temperatures), and under great pressure from the overlying mass of water. Mid-ocean ridges occur on the 
ocean floor in abyssal zones. 


¿Spray Zone  Hig : TideZone Middle Tide Zone Low Tide Zone 
; (Usually dry) (Wet during high tide) (Wet and dry) (Usually wet) 


Figure Showing zonation 
(Source from http://studentweb.cortland.edu/knowles86/Tntertidalzone.gif ) 


Coral reefs are found in the warm, clear, shallow waters of tropical oceans around islands or along continental 
coastlines. They are mostly formed from calcium carbonate produced by living coral. Reefs provide food and 
shelter for other organisms and protect shorelines from erosion. 


Coral Reef. (Source: Coral Reef Alliance Photobank) 


Estuaries are partially enclosed areas where fresh water and silt from streams or rivers mix with salty ocean water. 
They represent a transition from land to sea and from freshwater to saltwater. Estuaries are biologically very 
productive areas and provide homes for a wide variety of plants, birds and animals. 


Terrestrial Biomes 


Terrestrial biomes characterise ecosystems on land, and are usually identified by the growth form of the dominant 
vegetation, climate, and/or where they are located on the earth. The major terrestrial biomes include the tundra 
biome , the forest biome , the grassland biome , and the desert biome . Note that forests and grasslands are defined 
based on the growth form of the dominant vegetation whereas deserts are classified based on the dominant climatic 
conditions. The geographic distribution of terrestrial biomes is mostly influenced by climatic conditions such as 
rainfall and temperature. The most recent classification of the biomes in South Africa divides the region into the 
following seven biomes: 


e Grassland 

e Savanna 

e Succulent Karoo 
+ Nama Karoo 

e Forest 

e Fynbos 

. Desert. 

e Thicket 
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This map shows the different biomes of South Africa 


(Source from http://cnx.org/content/m20153/latest/graphics1.png_) 


Grassland 


Grasslands cover regions where moderate rainfall is sufficient for the growth of grasses, but not enough for stands 
of trees. There are two main types of grasslands: tropical grasslands (savannas) and temperate grasslands . 
Tropical grasslands occur in warm climates such as Africa and very limited regions of Australia. They have a few 
scattered trees and shrubs, but their distinct rainy and dry seasons prevent the formation of tropical forests. Most 
temperate grasslands are treeless, relatively flat and have rich soil, have been replaced by farmland. 


(Source from http://www.flickr.com/photos/takver/5884439290/sizes/o/in/photostream_) 


The information shown below shows the effect of climate change on the grassland biome 


Probable Reduction in Grassland Biome 
due to climate change 


Biomes 
[] Grassland biome 


Changed grassland biome 
Savanna 

[| Nama-Karoo 

[EE] Succulent karoo 


ESA Fynbos 


y- Range expansion by 
surrounding biomes 


Potential Increase in aridity in the Northern Cape 
may lead to changes in Geographic distribution of biomes 


Biomes 
Ea] Nama-Karoo 
(a) [R[TID] |] Succulent karoo 
uÑee Arendal 


DELPHINE DIGOUT 
JUNE 2002 


Sources: State of the Environment-South Africa: Terrestrial Ecosystems: Impact part 2, Departement of Environmental 
Affairs and Tourism of South Africa, www.environment.gov.za, 1999. 


Figure Reduction in grassland biome 


(Source from http://maps.grida.no/go/graphic/changing_biomes in south africa ) 


Activity: Write down the advantages and disadvantages of burning grassland, 


ADVANTAGES OF BURNING DISADVANTAGES OF BURNING 


Table 1 


See memorandum at the end of this section: 


Savanna 


The Savanna Biome is the largest biome in Southern Africa. Mainly found in Mpumalanga and Limpopo provinces 
but also in the coastal belt of KwaZulu Natal and the Eastern Cape Province. Summers are hot and wet and the 
winters are cool with little or no rain. This biome is also known as the bushveld where grasses are mainly found 
and regular fires prevent the trees from dominating. 


Succulent Karoo 


The Succulent Karoo biome can be found in the west coast of the Northern Cape Province and the northern parts 
of the Western Cape Province. This biome is hot in summer and cold in winter, although the rainfall in this area is 
very low. 40% of plant species found here are endemic to this biome. The Namaqualand region of this biome is 
famous for its colourful wild flowers. Succulent plants are able to live through dry seasons by using water stored in 
their leaves or stems. 


This map shows the succulent karoo region within the orange and the nama karoo within the pink. 


Nama Karoo 


The Nama Karoo is the second largest biome in South Africa. It forms the major part of the Northern Cape 
Province. It is regarded as a semi-desert area receiving very little rain. The summers are very hot and the winters 
are very cold. The dominant vegetation type is grasses. 


(Source from http://www.plantzafrica.com/vegetation/vegimages/namakaroo2.jpg) 


Forest 


The forest biome in South Africa occurs in patches in areas such as Knysna of the Western Cape as well as 
KwaZulu Natal, the Eastern Cape, Limpopo and Mpumalanga. Some of these forests experience rain only in 
winter, while others get rainfall throughout the year. 


Forests are dominated by trees of which the Yellowwood is the largest. There are many herbaceous and bulbous 
plants that also occur. 


photostream) 


Trees are not only producers , but as a result of their size they also create a habitat for certain species. The leaf 
cover of trees provides shelter for animals, while the bark and fissures in the trees also provide a habitat for 


numerous insect species. The leaf cover also creates a shady environment in which shade-loving, low-growing 
plants can flourish. 


When leaves or fruit fall from the trees and collect at the feet of the trees, another series of organisms can appear. 
The decomposers , such as micro-organisms that cause the dead material to decay and decompose, contribute to 
the decomposition of the nutrients so that they may return to the soil. Humus is formed in this way. Humus is dead 
organic material. Other creatures that live off decayed organic material, namely the detrivores , also promote this 
process of decomposition. 


ACTIVITY: Do a poster to illustrate the Role-players in a Tree Ecosystem. 
Bring pictures of animals, trees and other plants to class. The teacher will divide the class into groups. 


Each group will prepare a poster to illustrate the mutual dependence of the trees, other plants and animals. Each 
group must present its poster to the rest of the class. 


Answer the following questions / follow the instructions arising from the class discussion: 
QUESTIONS / INSTRUCTIONS 
1. Supposing the tree on your poster was to fall over. 


1. Which organisms would die? 
2. Which organisms would move away? 
3. Which organisms would increase in number? 


2. Describe the role played by trees in an ecosystem. 
3. Ecologically speaking, why is it bad practice to rake up leaves under trees? 
4. Name three more examples where humans harm ecosystems. 


Fynbos 


Fynbos grows in a 100-to-200-km-wide coastal belt stretching from Clanwilliam on the West coast to Port 
Elizabeth on the Southeast coast — forms part of the Cape floral kingdom , where it accounts for half of the surface 
area and 80% of the plant varieties. The fynbos in the western regions is richer and more varied than in the eastern 
regions of South Africa. 


Of the world's six floral kingdoms , this is the smallest and richest per area unit. Contrast it in size with the 
Holarctic kingdom, which incorporates the whole of the northern hemisphere apart from the tropical regions. The 
diversity of fynbos plants is extremely high, with over 9000 species of plants occurring in the area, around 6200 of 
which are endemic, i.e. they do not grow anywhere else in the world. 


The Cape Fynbos is the term given to a collection of plants that are mainly shrubs and is comprised of species 
belonging to South Africa's south western and southern Cape. Fynbos can be defined as a shrubland with an 
unusual mixture of plant types of different shapes and sizes that have been termed, "growth forms". There are four 
of these growth forms; the proteoids - tall protea shrubs with large leaves; the ericoids — heath-like shrubs; reed- 
like plants — the restoids; and bulbous herbs — the geophytes. 


The mountain fynbos is found from Nieuwoudtville and Vanrhynsdorp south along the main mountain ranges to 
Cape Hangklip and the Cape Peninsula and then eastwards on the mountains to near Grahamstown. The vegetation 
is characterised by ericoids (heather), restoids (reeds) and proteoid shrubs like proteas and conebushes. 


Coastal fynbos is found along the western and southern coastlines of the Cape Province from sea-level to about 
150m above sea-level, where the soil is usually alkaline to sour. There are two types: 


Coastal fynbos of the West Coast sands, from the Cape Flats to Redelinghuys on the West Coast, and Coastal 
fynbos of the south coast limestone, from Danger Point to Mossel Bay. 


The Strandveld veld type is found mainly on the lower parts of the western coastal plains and could be regarded as 
a transitional stage between coastal fynbos and Karooveld. Some patches may be found on the southern coast as 
far as close to Port Elizabeth. 


The coastal rhenosterbosveldveld type is found on the lowlands along the coast on shale and granite, from sea 
level to 400 m above. As a veld type, it is rich in a wide variety of species and dominated by the rhenosterbush and 
the characteristic wealth of spring flowers. 


Cape Town Ad 


Port Elizabeth 
Mossel Bay 


(Source from http://www.itmonline.org/image/honey1.gif) 


(Source from http://4.bp.blogspot.com/_Dt7LueKRwEF0/SdugKc1ZUPV/AAAAAAAABOQO/CgbnLf8LYX8/s400/2 
009 03290148.jpg.) 


ACTIVITY: Read the passage below. 


The astonishing richness and diversity of the Western Cape's natural resources is matched only by the 
resourcefulness and diversity of its many people. Historical patterns of unsustainable use of resources have led to 


the Cape Floristic Region (CFR) being listed as one of the world's threatened bioregions, and the scars are deeply 
etched in the land and its people. 


Now the people of the Western Cape are exploring new and sustainable ways to value and benefit from these 
globally important assets. 


South Africa's Cape Floristic region is legendary, and the unique nature of the fynbos biome has been celebrated 
by biologists, conservationists, development experts, and ecologist worldwide. 


(Adapted from speech by Tasneem Essop the Western Cape Provincial Minister for Environment, Planning and 
Economic Development) 


Write an essay on the “Fynbos” biome and discuss the following aspects. 


+ What is the meaning of the term “fynbos”? 

. Identify features of families/indicator species that make up this vegetation type 
+ Describe it ecological role in the environment 

+ Biological impacts on the environment of destroying this type of vegetation. 

+ Economical importance of it for the people of the Western Cape. 

+ Management strategies involved in protecting it. 


Your essay may be written or typed . Marks will be awarded for originality and own interpretation. Include a 
bibliography of three of more resources. No marks will be awarded for plagiarism. 


Factual info : 5x5 (25) 
Synthesis: (5) 


Total: 30 


Thicket 


The thicket biome occurs along the coasts of KwaZulu Natal and the Eastern Cape. Most thickets occur in river 
valleys. Thickets develop in areas where the rainfall is fairly high however; there may be dry periods that prevent 
the vegetation from developing into forests. The vegetation of this biome includes short tress, low intertwining 
shrubs and vines. There are no distinct layers of trees and shrubs with many large open spaces as found in the 
forest biome. 


Thickets in the Eastern Cape are comprised of dense impenetrable vegetation dominated by spiny, often succulent 
trees and shrubs such as seen in this photograph taken near Uitenhage, E.Cape. 


(Source from http://www.plantzafrica.com/vegetation/thicket,htm _) 


Desert 


The Desert Biome is found largely as the Namib Desert along the coast of Namibia. The Deserts are dry areas 
where evaporation usually exceeds precipitation. Rainfall is low -- less than 25 centimeters per year -- and can be 
highly variable and seasonal. The low humidity results in temperature extremes between day and night. Deserts 
can be hot or cold. Hot deserts (e.g. the Namib and Kalahari) are very hot in the summer and have relatively high 
temperatures throughout the year and have seasonal rainfall. This combination of low rainfall and high 
temperatures keeps the air very dry, increasing its evaporating power. Deserts have relatively little vegetation and 
the substrate consists mostly of sand, gravel or rocks. The transition regions between deserts and grasslands are 
sometimes called semi-arid deserts. 
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Distribution map of Welwitschia mirabilis and a detail of Welwitschia mirabilis. 
Activity 

Knowledge Are : Diversity, change and continuity 

Topic: Advertisements on South African Biomes 


You work for an Advertising Agency that is bidding for the account of a top travel agency. The bid includes 
designing a full page advert (A4) for the Getaway Magazine. Presentation, appeal and accuracy will therefore be of 
top priority. 


(DON”T FORGET TO CHECK MAPS, REFERENCE BOOK, ADVERTS, and BROCHURES FOR IDEAS. DO 
NOT CUT AND PASTE OR COPY OTHER PEOPLE*S WORK ) 


The travel agency has specified that they would like the following to be included in the ad, which is geared 
towards people looking for a different and fascinating holiday in a specific biome : 


e 
eo 
o 
e 


A region in the biome of your choice, including cities and/or towns worth a visit 
Climate (of interest to tourists) 

Well-known geographical features in the region 

Mention of some interesting wildlife (i.e. birds, animals, plants) that may be seen 
Pictures 

Tour dates 

The name of the travel agency, with contact information 


You should also include, very discreetly, the name of your own agency . (Study some ads for ideas). Remember — 
THE SKILL IS IN THE CRISP, RELEVANT AND SUCCINCT WAY IN WHICH THE INFORMATION IS 
PRESENTED. 


ARE YOU THE BEST? CAN YOUR AD AGENCY WIN THE BID? 


We have discussed the following six biomes from which you will select one: 


Savannah, Forest, Nama-Karoo, Succulent-Karoo, Fynbos, Grassland. 


You will have two periods and homework time to investigate and complete this assignment. 


MARK SCHEME nad 
Name of Travel Agency and Biome /3 
Climate information 12 
Wildlife 12 
Geographical features and towns/cities /14 
Local crafts and use of resources /4 
Size of advert Layout is neat. Good use of space, Font shape éx size is appropriate. /4 
Eye-catching. Colorful Use of diagrams/pictures, etc. /4 
Use of language. Age-appropriate. Own words. 14 
Only relevant information included. /4 
Interesting information throughout /4 
Followed all instructions /4 
Adequate Bibliography supplied on back of this page /4 
TOTAL /40 


Activity 


The following activity is to be done in groups of four 

INSTRUCTIONS: 

Brainstorm a suitable set of criteria for assessment for poster and verbal report 
Select ONE biome from the list given and do the following: 


Use suitable references to obtain as much information as possible on the plant and animals found in your selected 
biome 


Make notes about the climate, landscape, stating how some of these are adapted to their environment 


Design an attractive poster to illustrate the landscape as well as the dominant plants and animals that make up a 
food chain. 


Display your poster on the classroom wall and 

Each person of the group is to give a verbal presentation on an aspect of the biome you studied. 
Assessment criteria: 

Size A2 and bigger, heading font size 

Layout — organisation aesthetic appeal, use of colour, creativity, eye- catching 
Visual — drawings, diagrams 

Information — relevant, factual, main points 

Oral: 

Confidence 

Subject knowledge 

Poise 

Effort 


RUBRIC FOR ORAL PRESENTATION 


ASSESSMENTCRITERIA PERFORMANCE INDICATORS 


3 2 l 0 
Poise and confidence Very confident, stands Less No No 
up straight, makes confident, confidence, confidence 
good eye contact, does leans does not at all, ill 
not shuffle against look up, prepared 
desk, nervous, 


shuffles 


Communication 


Body of presentation 


Time 


Enthusiasm /Effort 


(15) 


Stimulating, clear and 
concise 


Coherent, excellent 
subject 
knowledge,information 
accurate and detailed 


Effective use of time 


Very enthusiastic, 
worthwhile effort 


shuffles 
around 


Clear at 
times 


Clear at 
times, good 
subject 
knowledge, 
accurate but 
not as 
detailed 


Too long 
Very 


enthusiastic, 
Lacks effort 


Memo Activity 1: Discussing the value of a grassland ecosystem 


ADVANTAGES OF BURNING 


+ Hard seedpods that cover seeds crack open 


» Species are rediscovered, e. 


rose 


g., the mountain 


+ Plants that grow aggressively are restricted 


+ Younger plants provide better nutrition (green 


grass after a severe winter) 


Rich media 


Not clear, 
slightly 
confusing 


Unclear, 
little 
subject 
knowledge 


Too short 


Little 
effortLittle 
enthusiasm 


DISADVANTAGES OF BURNING 


Air pollution — smoke 


None 


No subject 
knowledge, 
reads word 
for word 
from notes, 
nonsense 


No 
effortNo 
enthusiasm 


Animals and plants are injured and damaged, 


or killed 


Organisms in the soil are destroyed — humus is 


reduced 


Grasses are weakened if burning is practised 
or occurs at the wrong time 


http://www. curriki.org/xwiki/bin/view/Coll NROCscience/Lesson25VideoBiosphere 


The video of this lesson focuses on the biosphere, ecospheres, the lithosphere, the troposphere, the hydrosphere, 
ecology, individuals, populations, communities, ecosystems, biomes, biospheres, and biodiversity. 


http: //www.oercommons.org/courses/biomes/view 


This interactive resource adapted from NASA features some of the physical and biological characteristics of seven 
of the world's biomes. 


http://www.southafrica.info/about/animals/flora.htm+tixzz1aqVbqENT 


This classification of different biomes corresponds to decreasing average temperatures. 


Biomas terrestres y su localización 


"The sea, the woods, the mountains, all suffer in comparison with the 
prairie...The prairie has a stronger hold upon the senses. Its sublimity arises 
from its unbounded extent, its barren monotony and desolation, its still, 
unmoved, calm, stern, almost self-confident grandeur, its strange power of 
deception, its want of echo, and, in fine, its power of throwing a man back 
upon himself.” - Albert Pike (1831-32, Journeys in the Prairie) 

Konza Prairie 


A grassland Biome - Konza Prairie, near Manhattan, KS. 
(photograph by David A. Rintoul) 


The prairie grassland biome, described by Pike, is one of the Earth's great 
biomes. But what is a biome, exactly? Biomes are large areas of land (or 
water) with similar climate, flora, and fauna. The Earth's biomes are 
categorized into two major groups: terrestrial and aquatic. Terrestrial 
biomes are based on land, while aquatic biomes include both ocean and 
freshwater biomes. The eight major terrestrial biomes on Earth are each 
distinguished by characteristic temperatures and amount of precipitation. 
Comparing the annual totals of precipitation and fluctuations in 


precipitation from one biome to another provides clues as to the importance 
of abiotic factors in the distribution of biomes. Temperature variation on a 
daily and seasonal basis is also important for predicting the geographic 
distribution of the biome and the vegetation type in the biome. The 
distribution of these biomes shows that the same biome can occur in 
geographically distinct areas with similar climates ([link])). 


Note: 
Biomes 


A Tropical forest Savanna [A Desert A Chaparral EX] Temperate forest 
EMBoreal forest Ea Tundra A Mountains 17 Polar ice EX Temperate grassland 


Each of the world's major biomes is distinguished by 
characteristic temperatures and amounts of precipitation. 
Polar ice and mountains are also shown. 


Rainforest 


Rainforests are also referred to as tropical rainforests. This biome is found 
in equatorial regions ([link]). The vegetation is characterized by plants with 
broad leaves that fall off throughout the year. Unlike the trees of deciduous 
forests, the trees in this biome do not have a seasonal loss of leaves 


associated with variations in temperature and sunlight; these forests are 
“evergreen” year-round. 


The temperature and sunlight profiles of tropical rainforests are very stable 
in comparison to that of other terrestrial biomes, with the temperatures 
ranging from 20 *C to 34 *C (68 “F to 93 *F). When one compares the 
annual temperature variation of tropical rainforests with that of other forest 
biomes, the lack of seasonal temperature variation in the tropical rainforest 
becomes apparent. This lack of seasonality leads to year-round plant 
growth, rather than the seasonal (spring, summer, and fall) growth seen in 
other biomes. In contrast to other ecosystems, tropical ecosystems do not 
have long days and short days during the yearly cycle. Instead, a constant 
daily amount of sunlight (11-12 hrs per day) provides more solar radiation, 
thereby, a longer period of time for plant growth. 


The annual rainfall in tropical rainforests ranges from 125 to 660 cm (50— 
200 in) with some monthly variation. While sunlight and temperature 
remain fairly consistent, annual rainfall is highly variable. Tropical 
rainforests have wet months in which there can be more than 30 cm (11-12 
in) of precipitation, as well as dry months in which there are fewer than 10 
cm (3.5 in) of rainfall. However, the driest month of a tropical rainforest 
still exceeds the annual rainfall of some other biomes, such as deserts. 


Tropical rainforests have high net primary productivity because the annual 
temperatures and precipitation values in these areas are ideal for plant 
growth. Therefore, the extensive biomass present in the tropical rainforest 
leads to plant communities with very high species diversities ([link]). 
Tropical rainforests have more species of trees than any other biome; on 
average between 100 and 300 species of trees are present in a single hectare 
(2.5 acres) of the Amazon region of South America. One way to visualize 
this is to compare the distinctive horizontal layers within the tropical 
rainforest biome. On the forest floor is a sparse layer of plants and decaying 
plant matter. Above that is an understory of short shrubby foliage. A layer 
of trees rises above this understory and is topped by a closed upper canopy 
—Ahe uppermost overhead layer of branches and leaves. Some additional 
trees emerge through this closed upper canopy. These layers provide diverse 
and complex habitats for the variety of plants, fungi, animals, and other 


organisms within the tropical rainforests. For instance, epiphytes are plants 
that grow on other plants, which typically are not harmed. Epiphytes are 
found throughout tropical rainforest biomes. Many species of animals use 
the variety of plants and the complex structure of the tropical rainforests for 
food and shelter. Some organisms live several meters above ground and 
have adapted to this arboreal lifestyle. 


Tropical rain forests, such as these 
forests of Madre de Dios, Peru, 
near the Amazon River, have high 
species diversity. (credit: 
Roosevelt Garcia) 


Savannas 


Savannas are grasslands with scattered trees, and they are located in Africa, 
South America, and northern Australia ([link]). Savannas are hot, tropical 
areas with temperatures averaging from 24 *C to 29 *C (75 *F to 84 9F) and 
an annual rainfall of 10-40 cm (3.9-15.7 in). Savannas have an extensive 
dry season; for this reason, forest trees do not grow as well as they do in the 
tropical wet forest (or other forest biomes). As a result, within the grasses 


and forbs (herbaceous flowering plants) that dominate the savanna, there 
are relatively few trees ([link]). Since fire is an important source of 
disturbance in this biome, plants have evolved well-developed root systems 
that allow them to quickly re-sprout after a fire. 


Savannas, like this one in Taita 
Hills Wildlife Sanctuary in Kenya, 
are dominated by grasses. (credit: 

Christopher T. Cooper) 


Deserts 


Deserts exist between 15 ? and 30 ? north and south latitude and are 
centered on the Tropics of Cancer and Capricorn ([link]). This biome is 
very dry; in some years, evaporation exceeds precipitation. Subtropical hot 
deserts can have daytime soil surface temperatures above 60 *C (140 *F) 
and nighttime temperatures approaching 0 *C (32 *F). In cold deserts, 
temperatures can be as high as 25 *C and can drop below -30 *C (-22 *F). 
Deserts are characterized by low annual precipitation of fewer than 30 cm 
(12 in) with little monthly variation and lack of predictability in rainfall. In 
some Cases, the annual rainfall can be as low as 2 cm (0.8 in) in deserts 
located in central Australia (“the Outback”) and northern Africa. 


The vegetation and low animal diversity of this biome is closely related to 
this low and unpredictable precipitation. Very dry deserts lack perennial 
vegetation that lives from one year to the next; instead, many plants are 
annuals that grow quickly and reproduce when rainfall does occur, then 
they die. Many other plants in these areas are characterized by having a 
number of adaptations that conserve water, such as deep roots, reduced 
foliage, and water-storing stems ([link]). Seed plants in the desert produce 
seeds that can be in dormancy for extended periods between rains. 
Adaptations in desert animals include nocturnal behavior and burrowing. 


To reduce water loss, 
many desert plants have 
tiny leaves or no leaves at 
all. The leaves of ocotillo 
(Fouquieria splendens), 
shown here in the Sonora 
Desert near Gila Bend, 


Arizona, appear only after 
rainfall, and then are shed. 


Temperate Grasslands 


Temperate grasslands are found throughout central North America, where 
they are also known as prairies; they are also in Eurasia, where they are 
known as steppes ([link]). Temperate grasslands have pronounced annual 
fluctuations in temperature with hot summers and cold winters. The annual 
temperature variation produces specific growing seasons for plants. Plant 
growth is possible when temperatures are warm enough to sustain plant 
growth and when ample water is available, which occurs in the spring, 
summer, and fall. During much of the winter, temperatures are low, and 
water, which is stored in the form of ice, is not available for plant growth. 


Amnual precipitation ranges from 25 cm to 75 cm (9.8-29.5 in). Because of 
relatively lower annual precipitation in temperate grasslands, there are few 
trees except for those found growing along rivers or streams. The dominant 
vegetation tends to consist of grasses and some prairies sustain populations 
of grazing animals [link]. The vegetation is very dense and the soils are 
fertile because the subsurface of the soil is packed with the roots and 
rhizomes (underground stems) of these grasses. The roots and rhizomes act 
to anchor plants into the ground and replenish the organic material (humus) 
in the soil when they die and decay. 


The American bison (Bison bison), more 
commonly called the buffalo, is a grazing 
mammal that once populated American 
prairies in huge numbers. (photograph by 
Eva Home) 


Fires, mainly caused by lightning, are a natural disturbance in temperate 
grasslands. When fire is suppressed in temperate grasslands, the vegetation 
eventually converts to scrub and dense forests. Often, the restoration or 
management of temperate grasslands requires the use of controlled burns to 
suppress the growth of trees and maintain the grasses. 


Deciduous Forest 


Deciduous forests are the most common biome in eastern North America, 
Western Europe, Eastern Asia, Chile, and New Zealand ([link]). This biome 
is found throughout mid-latitude regions. Temperatures range between -30 
“C and 30 *C (-22 *F to 86 %E) and drop to below freezing on an annual 
basis. These temperatures mean that temperate forests have defined 
growing seasons during the spring, summer, and early fall. Precipitation is 
relatively constant throughout the year and ranges between 75 cm and 150 
cm (29.5-59 in). 


Because of the moderate annual rainfall and temperatures, deciduous trees 
are the dominant plant in this biome ([link]). Deciduous trees lose their 
leaves each fall and remain leafless in the winter. Thus, no photosynthesis 
occurs in the deciduous trees during the dormant winter period. Each 
spring, new leaves appear as the temperature increases. Because of the 
dormant period, the net primary productivity of temperate forests is less 
than that of tropical wet forests. In addition, temperate forests show less 
diversity of tree species than tropical wet forest biomes. 


Deciduous trees are the dominant 
plant in the temperate forest. 
(credit: Oliver Herold) 


The trees of the deciduous forests leaf out and shade much of the ground; 
however, this biome is more open than tropical wet forests because trees in 
the temperate forests do not grow as tall as the trees in tropical wet forests. 
The soils of the deciduous forests are rich in inorganic and organic 
nutrients. This is due to the thick layer of leaf litter on forest floors. As this 
leaf litter decays, nutrients are returned to the soil. The leaf litter also 
protects soil from erosion, insulates the ground, and provides habitats for 
invertebrates (such as the pill bug or roly-poly, Armadillidium vulgare) and 
their predators, such as the red-backed salamander (Plethodon cinereus). 


Coniferous Forest 


The coniferous forest, also known as taiga or boreal forest, is found south of 
the Arctic Circle and across most of Canada, Alaska, Russia, and northern 
Europe ([link]). This biome has cold, dry winters and short, cool, wet 
summers. The annual precipitation is from 40 cm to 100 cm (15.7-39 in) 
and usually takes the form of snow. Little evaporation occurs because of the 
cold temperatures. 


The long and cold winters in the coniferous forest have led to the 
predominance of cold-tolerant cone-bearing plants. These are evergreen 
coniferous trees like pines, spruce, and fir, which retain their needle-shaped 
leaves year-round. Evergreen trees can photosynthesize earlier in the spring 
than deciduous trees because less energy from the sun is required to warm a 
needle-like leaf than a broad leaf. This benefits evergreen trees, which grow 
faster than deciduous trees in the coniferous forest. In addition, soils in 
coniferous forest regions tend to be acidic with little available nitrogen. 
Leaves are a nitrogen-rich structure and deciduous trees must produce a 
new set of these nitrogen-rich structures each year. Therefore, coniferous 
trees that retain nitrogen-rich needles may have a competitive advantage 
over the broad-leafed deciduous trees. 


The net primary productivity of coniferous forests is lower than that of 
deciduous forests and tropical rain forests. The above ground biomass of 
coniferous forests is high because these slow-growing tree species are long 
lived and accumulate standing biomass over time. Plant species diversity is 
less than that seen in deciduous forests and tropical rain forests. Coniferous 
forests lack the pronounced elements of the layered forest structure seen in 
tropical wet forests. The structure of a coniferous forest is often only a tree 
layer and a ground layer ([link]). When conifer needles are dropped, they 
decompose more slowly than broad leaves; therefore, fewer nutrients are 
returned to the soil to fuel plant growth. 


The coniferous forest (taiga) has 
low lying plants and conifer trees. 
(credit: L.B. Brubaker) 


Arctic Tundra 


The Arctic tundra lies north of the subarctic boreal forest and is located 
throughout the Arctic regions of the northern hemisphere ([link]). The 
average winter temperature is -34 *C (-34 *F) and the average summer 
temperature is from 3 *C to 12 *C (37 “F-52 9F). Plants in the arctic tundra 
have a very short growing season of approximately 10-12 weeks. However, 
during this time, there are almost 24 hours of daylight and plant growth is 
rapid. The annual precipitation of the Arctic tundra is very low with little 
annual variation in precipitation. And, as in the boreal forests, there is little 
evaporation due to the cold temperatures. 


Plants in the Arctic tundra are generally low to the ground ([link]). There is 
little species diversity, low net primary productivity, and low aboveground 
biomass. Deeper soils of the Arctic tundra may remain in a perennially 
frozen state referred to as permafrost. The permafrost makes it impossible 
for roots to penetrate deep into the soil and slows the decay of organic 
matter, which inhibits the release of nutrients from organic matter. During 
the growing season, the ground of the Arctic tundra can be completely 
covered with plants or lichens. 


, in 


Low-growing plants such as 
shrub willow dominate the 
tundra landscape, shown here 
in the Arctic National Wildlife 
Refuge. (credit: USFWS Arctic 
National Wildlife Refuge) 


Biomas terrestres 
By the end of this section, you will be able to: 


e Identify the two major abiotic factors that determine terrestrial biomes 
e Recognize distinguishing characteristics of each of the eight major 
terrestrial biomes 


The Earth's biomes are categorized into two major groups: terrestrial and 
aquatic. Terrestrial biomes are based on land, while aquatic biomes include 
both ocean and freshwater biomes. The eight major terrestrial biomes on 
Earth are each distinguished by characteristic temperatures and amount of 
precipitation. Comparing the annual totals of precipitation and fluctuations 
in precipitation from one biome to another provides clues as to the 
importance of abiotic factors in the distribution of biomes. Temperature 
variation on a daily and seasonal basis is also important for predicting the 
geographic distribution of the biome and the vegetation type in the biome. 
The distribution of these biomes shows that the same biome can occur in 
geographically distinct areas with similar climates ([link])). 


Note: 
Art Connection 


A Tropical forest Savanna [A Desert A Chaparral EX] Temperate forest 
EMBoreal forest Ha Tundra HA Mountains 17 Polar ice EX Temperate grassland 


Each of the world's major biomes is distinguished by 
characteristic temperatures and amounts of precipitation. 
Polar ice and mountains are also shown. 


Which of the following statements about biomes is false? 


a. Chaparral is dominated by shrubs. 

b. Savannas and temperate grasslands are dominated by grasses. 
Cc. Boreal forests are dominated by deciduous trees. 

d. Lichens are common in the arctic tundra. 


Tropical Wet Forest 


Tropical wet forests are also referred to as tropical rainforests. This biome 
is found in equatorial regions ([link]). The vegetation is characterized by 
plants with broad leaves that fall off throughout the year. Unlike the trees of 
deciduous forests, the trees in this biome do not have a seasonal loss of 
leaves associated with variations in temperature and sunlight; these forests 
are “evergreen” year-round. 


The temperature and sunlight profiles of tropical wet forests are very stable 
in comparison to that of other terrestrial biomes, with the temperatures 
ranging from 20 *C to 34 *C (68 *F to 93 F). When one compares the 
annual temperature variation of tropical wet forests with that of other forest 
biomes, the lack of seasonal temperature variation in the tropical wet forest 
becomes apparent. This lack of seasonality leads to year-round plant 
growth, rather than the seasonal (spring, summer, and fall) growth seen in 
other biomes. In contrast to other ecosystems, tropical ecosystems do not 
have long days and short days during the yearly cycle. Instead, a constant 
daily amount of sunlight (11-12 hrs per day) provides more solar radiation, 
thereby, a longer period of time for plant growth. 


The annual rainfall in tropical wet forests ranges from 125 to 660 cm (50— 
200 in) with some monthly variation. While sunlight and temperature 
remain fairly consistent, annual rainfall is highly variable. Tropical wet 
forests have wet months in which there can be more than 30 cm (11-12 in) 
of precipitation, as well as dry months in which there are fewer than 10 cm 


(3.5 in) of rainfall. However, the driest month of a tropical wet forest still 
exceeds the annual rainfall of some other biomes, such as deserts. 


Tropical wet forests have high net primary productivity because the annual 
temperatures and precipitation values in these areas are ideal for plant 
growth. Therefore, the extensive biomass present in the tropical wet forest 
leads to plant communities with very high species diversities ([link]). 
Tropical wet forests have more species of trees than any other biome; on 
average between 100 and 300 species of trees are present in a single hectare 
(2.5 acres) of South America. One way to visualize this is to compare the 
distinctive horizontal layers within the tropical wet forest biome. On the 
forest floor is a sparse layer of plants and decaying plant matter. Above that 
is an understory of short shrubby foliage. A layer of trees rises above this 
understory and is topped by a closed upper canopy—the uppermost 
overhead layer of branches and leaves. Some additional trees emerge 
through this closed upper canopy. These layers provide diverse and 
complex habitats for the variety of plants, fungi, animals, and other 
organisms within the tropical wet forests. For instance, epiphytes are plants 
that grow on other plants, which typically are not harmed. Epiphytes are 
found throughout tropical wet forest biomes. Many species of animals use 
the variety of plants and the complex structure of the tropical wet forests for 
food and shelter. Some organisms live several meters above ground and 
have adapted to this arboreal lifestyle. 


Tropical wet forests, such as these 
forests of Madre de Dios, Peru, 
near the Amazon River, have high 
species diversity. (credit: 
Roosevelt Garcia) 


Savannas 


Savannas are grasslands with scattered trees, and they are located in Africa, 
South America, and northern Australia ([link]). Savannas are hot, tropical 
areas with temperatures averaging from 24 *C to 29 *C (75 *F to 84 9F) and 
an annual rainfall of 10-40 cm (3.9-15.7 in). Savannas have an extensive 
dry season; for this reason, forest trees do not grow as well as they do in the 
tropical wet forest (or other forest biomes). As a result, within the grasses 
and forbs (herbaceous flowering plants) that dominate the savanna, there 
are relatively few trees ([link]). Since fire is an important source of 
disturbance in this biome, plants have evolved well-developed root systems 
that allow them to quickly re-sprout after a fire. 


Savannas, like this one in Taita 
Hills Wildlife Sanctuary in Kenya, 
are dominated by grasses. (credit: 

Christopher T. Cooper) 


Subtropical Deserts 


Subtropical deserts exist between 15 ? and 30 ? north and south latitude and 
are centered on the Tropics of Cancer and Capricorn ([link]). This biome is 
very dry; in some years, evaporation exceeds precipitation. Subtropical hot 
deserts can have daytime soil surface temperatures above 60 *C (140 *F) 
and nighttime temperatures approaching 0 *C (32 E). In cold deserts, 
temperatures can be as high as 25 *C and can drop below -30 *C (-22 *F). 
Subtropical deserts are characterized by low annual precipitation of fewer 
than 30 cm (12 in) with little monthly variation and lack of predictability in 
rainfall. In some cases, the annual rainfall can be as low as 2 cm (0.8 in) in 
subtropical deserts located in central Australia (“the Outback”) and northern 
Africa. 


The vegetation and low animal diversity of this biome is closely related to 
this low and unpredictable precipitation. Very dry deserts lack perennial 
vegetation that lives from one year to the next; instead, many plants are 
annuals that grow quickly and reproduce when rainfall does occur, then 
they die. Many other plants in these areas are characterized by having a 
number of adaptations that conserve water, such as deep roots, reduced 
foliage, and water-storing stems ([link]). Seed plants in the desert produce 
seeds that can be in dormancy for extended periods between rains. 
Adaptations in desert animals include nocturnal behavior and burrowing. 


To reduce water loss, 
many desert plants have 
tiny leaves or no leaves at 
all. The leaves of ocotillo 


(Fouquieria splendens), 
shown here in the Sonora 
Desert near Gila Bend, 
Arizona, appear only after 
rainfall, and then are shed. 


Chaparral 


The chaparral is also called the scrub forest and is found in California, 
along the Mediterranean Sea, and along the southern coast of Australia 
([link]). The annual rainfall in this biome ranges from 65 cm to 75 cm 
(25.6-29.5 in), and the majority of the rain falls in the winter. Summers are 
very dry and many chaparral plants are dormant during the summertime. 


The chaparral vegetation, shown in [link], is dominated by shrubs and is 
adapted to periodic fires, with some plants producing seeds that only 
germinate after a hot fire. The ashes left behind after a fire are rich in 
nutrients like nitrogen that fertilize the soil and promote plant regrowth. 


O 


The chaparral is dominated by 
shrubs. (credit: Miguel Vieira) 


Temperate Grasslands 


Temperate grasslands are found throughout central North America, where 
they are also known as prairies; they are also in Eurasia, where they are 
known as steppes ([link]). Temperate grasslands have pronounced annual 
fluctuations in temperature with hot summers and cold winters. The annual 
temperature variation produces specific growing seasons for plants. Plant 
growth is possible when temperatures are warm enough to sustain plant 
growth and when ample water is available, which occurs in the spring, 
summer, and fall. During much of the winter, temperatures are low, and 
water, which is stored in the form of ice, is not available for plant growth. 


Amnual precipitation ranges from 25 cm to 75 cm (9.8-29.5 in). Because of 
relatively lower annual precipitation in temperate grasslands, there are few 


trees except for those found growing along rivers or streams. The dominant 
vegetation tends to consist of grasses and some prairies sustain populations 
of grazing animals [link]. The vegetation is very dense and the soils are 
fertile because the subsurface of the soil is packed with the roots and 
rhizomes (underground stems) of these grasses. The roots and rhizomes act 
to anchor plants into the ground and replenish the organic material (humus) 
in the soil when they die and decay. 


The American bison (Bison 
bison), more commonly called the 
buffalo, is a grazing mammal that 
once populated American prairies 

in huge numbers. (credit: Jack 
Dykinga, USDA Agricultural 
Research Service) 


Fires, mainly caused by lightning, are a natural disturbance in temperate 
grasslands. When fire is suppressed in temperate grasslands, the vegetation 
eventually converts to scrub and dense forests. Often, the restoration or 
management of temperate grasslands requires the use of controlled burns to 
suppress the growth of trees and maintain the grasses. 


Temperate Forests 


Temperate forests are the most common biome in eastern North America, 
Western Europe, Eastern Asia, Chile, and New Zealand ([link]). This biome 
is found throughout mid-latitude regions. Temperatures range between -30 
“CG and 30 *C (-22 *F to 86 %E) and drop to below freezing on an annual 
basis. These temperatures mean that temperate forests have defined 
growing seasons during the spring, summer, and early fall. Precipitation is 
relatively constant throughout the year and ranges between 75 cm and 150 
cm (29.5-59 in). 


Because of the moderate annual rainfall and temperatures, deciduous trees 
are the dominant plant in this biome ([link]). Deciduous trees lose their 
leaves each fall and remain leafless in the winter. Thus, no photosynthesis 
occurs in the deciduous trees during the dormant winter period. Each 
spring, new leaves appear as the temperature increases. Because of the 
dormant period, the net primary productivity of temperate forests is less 
than that of tropical wet forests. In addition, temperate forests show less 
diversity of tree species than tropical wet forest biomes. 


Deciduous trees are the dominant 
plant in the temperate forest. 
(credit: Oliver Herold) 


The trees of the temperate forests leaf out and shade much of the ground; 
however, this biome is more open than tropical wet forests because trees in 
the temperate forests do not grow as tall as the trees in tropical wet forests. 
The soils of the temperate forests are rich in inorganic and organic 
nutrients. This is due to the thick layer of leaf litter on forest floors. As this 
leaf litter decays, nutrients are returned to the soil. The leaf litter also 
protects soil from erosion, insulates the ground, and provides habitats for 
invertebrates (such as the pill bug or roly-poly, Armadillidium vulgare) and 
their predators, such as the red-backed salamander (Plethodon cinereus). 


Boreal Forests 


The boreal forest, also known as taiga or coniferous forest, is found south of 
the Arctic Circle and across most of Canada, Alaska, Russia, and northern 
Europe ([link]). This biome has cold, dry winters and short, cool, wet 
summers. The annual precipitation is from 40 cm to 100 cm (15.7-39 in) 
and usually takes the form of snow. Little evaporation occurs because of the 
cold temperatures. 


The long and cold winters in the boreal forest have led to the predominance 
of cold-tolerant cone-bearing plants. These are evergreen coniferous trees 
like pines, spruce, and fir, which retain their needle-shaped leaves year- 
round. Evergreen trees can photosynthesize earlier in the spring than 
deciduous trees because less energy from the sun is required to warm a 
needle-like leaf than a broad leaf. This benefits evergreen trees, which grow 
faster than deciduous trees in the boreal forest. In addition, soils in boreal 
forest regions tend to be acidic with little available nitrogen. Leaves are a 
nitrogen-rich structure and deciduous trees must produce a new set of these 
nitrogen-rich structures each year. Therefore, coniferous trees that retain 
nitrogen-rich needles may have a competitive advantage over the broad- 
leafed deciduous trees. 


The net primary productivity of boreal forests is lower than that of 
temperate forests and tropical wet forests. The aboveground biomass of 
boreal forests is high because these slow-growing tree species are long lived 
and accumulate standing biomass over time. Plant species diversity is less 
than that seen in temperate forests and tropical wet forests. Boreal forests 


lack the pronounced elements of the layered forest structure seen in tropical 
wet forests. The structure of a boreal forest is often only a tree layer and a 
ground layer ([link]). When conifer needles are dropped, they decompose 
more slowly than broad leaves; therefore, fewer nutrients are returned to the 
soil to fuel plant growth. 


The boreal forest (taiga) has low 
lying plants and conifer trees. 
(credit: L.B. Brubaker) 


Arctic Tundra 


The Arctic tundra lies north of the subarctic boreal forest and is located 
throughout the Arctic regions of the northern hemisphere ([link]). The 
average winter temperature is -34 *C (-34 *F) and the average summer 
temperature is from 3 *C to 12 *C (37 “F-52 *F). Plants in the arctic tundra 
have a very short growing season of approximately 10-12 weeks. However, 
during this time, there are almost 24 hours of daylight and plant growth is 
rapid. The annual precipitation of the Arctic tundra is very low with little 
annual variation in precipitation. And, as in the boreal forests, there is little 
evaporation due to the cold temperatures. 


Plants in the Arctic tundra are generally low to the ground ([link]). There is 
little species diversity, low net primary productivity, and low aboveground 
biomass. The soils of the Arctic tundra may remain in a perennially frozen 
state referred to as permafrost. The permafrost makes it impossible for 
roots to penetrate deep into the soil and slows the decay of organic matter, 
which inhibits the release of nutrients from organic matter. During the 
growing season, the ground of the Arctic tundra can be completely covered 
with plants or lichens. 


Low-growing plants such as 
shrub willow dominate the 
tundra landscape, shown here 
in the Arctic National Wildlife 


Refuge. (credit: USFWS Arctic 
National Wildlife Refuge) 


Note: 
Link to Learning 
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Watch this Assignment Discovery: Biomes video for an overview of 
biomes. To explore further, select one of the biomes on the extended 
playlist: desert, savanna, temperate forest, temperate grassland, tropic, 
tundra. 


Section Summary 


The Earth has terrestrial biomes and aquatic biomes. Aquatic biomes 
include both freshwater and marine environments. There are eight major 
terrestrial biomes: tropical wet forests, savannas, subtropical deserts, 
chaparral, temperate grasslands, temperate forests, boreal forests, and 
Arctic tundra. The same biome can occur in different geographic locations 
with similar climates. Temperature and precipitation, and variations in both, 
are key abiotic factors that shape the composition of animal and plant 
communities in terrestrial biomes. Some biomes, such as temperate 
grasslands and temperate forests, have distinct seasons, with cold weather 
and hot weather alternating throughout the year. In warm, moist biomes, 
such as the tropical wet forest, net primary productivity is high, as warm 
temperatures, abundant water, and a year-round growing season fuel plant 
growth. Other biomes, such as deserts and tundra, have low primary 
productivity due to extreme temperatures and a shortage of available water. 


Art Connections 


Exercise: 


Problem: 


[link] Which of the following statements about biomes is false? 


a. Chaparral is dominated by shrubs. 

b. Savannas and temperate grasslands are dominated by grasses. 
c. Boreal forests are dominated by deciduous trees. 

d. Lichens are common in the arctic tundra. 


Solution: 


[link] C. Boreal forests are not dominated by deciduous trees. 


Review Questions 


Exercise: 
Problem: 


Which of the following biomes is characterized by abundant water 
resources? 


a. deserts 

b. boreal forests 

C. savannas 

d. tropical wet forests 


Solution: 


D 
Exercise: 
Problem: 


Which of the following biomes is characterized by short growing 
seasons? 


a. deserts 
b. tropical wet forests 
c. Arctic tundras 


d. savannas 


Solution: 


S 


Free Response 


Exercise: 
Problem: 
The extremely low precipitation of subtropical desert biomes might 
lead one to expect fire to be a major disturbance factor; however, fire 


is more common in the temperate grassland biome than in the 
subtropic desert biome. Why is this? 


Solution: 


Fire is less common in desert biomes than in temperate grasslands 
because deserts have low net primary productivity and, thus, very little 
plant biomass to fuel a fire. 


Exercise: 


Problem: 


In what ways are the subtropical desert and the arctic tundra similar? 


Solution: 


Both the subtropical desert and the arctic tundra have a low supply of 
water. In the desert, this is due to extremely low precipitation, and in 
the arctic tundra, much of the water is unavailable to plants because it 
is frozen. Both the subtropical desert and the arctic tundra have low net 
primary productivity. 


Glossary 


canopy 
branches and foliage of trees that form a layer of overhead coverage in 
a forest 


permafrost 
perennially frozen portion of the Arctic tundra soil 


Biomas acuáticos I 
By the end of this section, you will be able to: 


e Describe the effects of abiotic factors on the composition of plant and 
animal communities in aquatic biomes 

e Compare and contrast the characteristics of the ocean zones 

e Summarize the characteristics of standing water and flowing water 
freshwater biomes 


Abiotic Factors Influencing Aquatic Biomes 


Like terrestrial biomes, aquatic biomes are influenced by a series of abiotic 
factors. The aquatic medium—water— has different physical and chemical 
properties than air, however. Even if the water in a pond or other body of 
water is perfectly clear (there are no suspended particles), water, on its own, 
absorbs light. As one descends into a deep body of water, there will 
eventually be a depth which the sunlight cannot reach. While there are some 
abiotic and biotic factors in a terrestrial ecosystem that might obscure light 
(like fog, dust, or insect swarms), usually these are not permanent features 
of the environment. The importance of light in aquatic biomes is central to 
the communities of organisms found in both freshwater and marine 
ecosystems. In freshwater systems, stratification due to differences in 
density is perhaps the most critical abiotic factor and is related to the energy 
aspects of light. The thermal properties of water (rates of heating and 
cooling) are significant to the function of marine systems and have major 
impacts on global climate and weather patterns. Marine systems are also 
influenced by large-scale physical water movements, such as currents; these 
are less important in most freshwater lakes. 


The ocean is categorized by several areas or zones ([link]). All of the 
ocean's open water is referred to as the pelagic realm (or zone). The 
benthic realm (or zone) extends along the ocean bottom from the shoreline 
to the deepest parts of the ocean floor. Within the pelagic realm is the 
photic zone, which is the portion of the ocean that light can penetrate 
(approximately 200 m or 650 ft). At depths greater than 200 m, light cannot 
penetrate; thus, this is referred to as the aphotic zone. The majority of the 
ocean is aphotic and lacks sufficient light for photosynthesis. The deepest 


part of the ocean, the Challenger Deep (in the Mariana Trench, located in 
the western Pacific Ocean), is about 11,000 m (about 6.8 mi) deep. To give 
some perspective on the depth of this trench, the ocean is, on average, 4267 
m or 14,000 ft deep. These realms and zones are relevant to freshwater 
lakes as well. 


Note: 


Art Connection 


Neritic Intertidal 
zone : zone 


: Oceanic zone 
! 


Pelagic realm 


The ocean is divided into different zones 
based on water depth and distance from the 
shoreline. 


In which of the following regions would you expect to find photosynthetic 
organisms? 


a. the aphotic zone, the neritic zone, the oceanic zone, and the benthic 
realm 

b. the photic zone, the intertidal zone, the neritic zone, and the oceanic 
zone 


c. the photic zone, the abyssal zone, the neritic zone, and the oceanic 
zone 


d. the pelagic realm, the aphotic zone, the neritic zone, and the oceanic 
zone 


Marine Biomes 


The ocean is the largest marine biome. It is a continuous body of salt water 
that is relatively uniform in chemical composition; it is a weak solution of 
mineral salts and decayed biological matter. Within the ocean, coral reefs 
are a second kind of marine biome. Estuaries, coastal areas where salt water 
and fresh water mix, form a third unique marine biome. 


Ocean 


The physical diversity of the ocean is a significant influence on plants, 
animals, and other organisms. The ocean is categorized into different zones 
based on how far light reaches into the water. Each zone has a distinct 
group of species adapted to the biotic and abiotic conditions particular to 
that zone. 


The intertidal zone, which is the zone between high and low tide, is the 
oceanic region that is closest to land ([link]). Generally, most people think 
of this portion of the ocean as a sandy beach. In some cases, the intertidal 
zone is indeed a sandy beach, but it can also be rocky or muddy. The 
intertidal zone is an extremely variable environment because of tides. 
Organisms are exposed to air and sunlight at low tide and are underwater 
most of the time, especially during high tide. Therefore, living things that 
thrive in the intertidal zone are adapted to being dry for long periods of 
time. The shore of the intertidal zone is also repeatedly struck by waves, 
and the organisms found there are adapted to withstand damage from the 
pounding action of the waves ([link]). The exoskeletons of shoreline 
crustaceans (such as the shore crab, Carcinus maenas) are tough and protect 
them from desiccation (drying out) and wave damage. Another 
consequence of the pounding waves is that few algae and plants establish 
themselves in the constantly moving rocks, sand, or mud. 


Sea urchins, mussel shells, and 
starfish are often found in the 
intertidal zone, shown here in 
Kachemak Bay, Alaska. (credit: 
NOAA) 


The neritic zone ([link]) extends from the intertidal zone to depths of about 
200 m (or 650 ft) at the edge of the continental shelf. Since light can 
penetrate this depth, photosynthesis can occur in the neritic zone. The water 
here contains silt and is well-oxygenated, low in pressure, and stable in 
temperature. Phytoplankton and floating Sargassum (a type of free-floating 
marine seaweed) provide a habitat for some sea life found in the neritic 
zone. Zooplankton, protists, small fishes, and shrimp are found in the neritic 
zone and are the base of the food chain for most of the world's fisheries. 


Beyond the neritic zone is the open ocean area known as the oceanic zone 
([link]). Within the oceanic zone there is thermal stratification where warm 
and cold waters mix because of ocean currents. Abundant plankton serve as 
the base of the food chain for larger animals such as whales and dolphins. 
Nutrients are scarce and this is a relatively less productive part of the 
marine biome. When photosynthetic organisms and the protists and animals 
that feed on them die, their bodies fall to the bottom of the ocean where 
they remain; unlike freshwater lakes, the open ocean lacks a process for 
bringing the organic nutrients back up to the surface. The majority of 
organisms in the aphotic zone include sea cucumbers (phylum 


Echinodermata) and other organisms that survive on the nutrients contained 
in the dead bodies of organisms in the photic zone. 


Beneath the pelagic zone is the benthic realm, the deepwater region beyond 
the continental shelf ([link]). The bottom of the benthic realm is comprised 
of sand, silt, and dead organisms. Temperature decreases, remaining above 
freezing, as water depth increases. This is a nutrient-rich portion of the 
ocean because of the dead organisms that fall from the upper layers of the 
ocean. Because of this high level of nutrients, a diversity of fungi, sponges, 
sea anemones, marine worms, sea stars, fishes, and bacteria exist. 


The deepest part of the ocean is the abyssal zone, which is at depths of 
4000 m or greater. The abyssal zone ([link]) is very cold and has very high 
pressure, high oxygen content, and low nutrient content. There are a variety 
of invertebrates and fishes found in this zone, but the abyssal zone does not 
have plants because of the lack of light. Hydrothermal vents are found 
primarily in the abyssal zone; chemosynthetic bacteria utilize the hydrogen 
sulfide and other minerals emitted from the vents. These chemosynthetic 
bacteria use the hydrogen sulfide as an energy source and serve as the base 
of the food chain found in the abyssal zone. 


Coral Reefs 


Coral reefs are ocean ridges formed by marine invertebrates living in warm 
shallow waters within the photic zone of the ocean. They are found within 
30” north and south of the equator. The Great Barrier Reef is a well-known 
reef system located several miles off the northeastern coast of Australia. 
Other coral reef systems are fringing islands, which are directly adjacent to 
land, or atolls, which are circular reef systems surrounding a former 
landmass that is now underwater. The coral organisms (members of phylum 
Cnidaria) are colonies of saltwater polyps that secrete a calcium carbonate 
skeleton. These calcium-rich skeletons slowly accumulate, forming the 
underwater reef ([link]). Corals found in shallower waters (at a depth of 
approximately 60 m or about 200 ft) have a mutualistic relationship with 
photosynthetic unicellular algae. The relationship provides corals with the 
majority of the nutrition and the energy they require. The waters in which 


these corals live are nutritionally poor and, without this mutualism, it would 
not be possible for large corals to grow. Some corals living in deeper and 
colder water do not have a mutualistic relationship with algae; these corals 
attain energy and nutrients using stinging cells on their tentacles to capture 


prey. 


Note: 
Link to Learning 
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Watch this National Oceanic and Atmospheric Administration (NOAA) 
video to see marine ecologist Dr. Peter Etnoyer discusses his research on 
coral organisms. 


It is estimated that more than 4,000 fish species inhabit coral reefs. These 
fishes can feed on coral, the cryptofauna (invertebrates found within the 
calcium carbonate substrate of the coral reefs), or the seaweed and algae 
that are associated with the coral. In addition, some fish species inhabit the 
boundaries of a coral reef; these species include predators, herbivores, or 
planktivores. Predators are animal species that hunt and are carnivores or 
“flesh eaters.” Herbivores eat plant material, and planktivores eat plankton. 


Coral reefs are formed by 
the calcium carbonate 
skeletons of coral 
organisms, which are 
marine invertebrates in 
the phylum Cnidaria. 
(credit: Terry Hughes) 


Note: 

Evolution Connection 

Global Decline of Coral Reefs 

It takes a long time to build a coral reef. The animals that create coral reefs 
have evolved over millions of years, continuing to slowly deposit the 
calcium carbonate that forms their characteristic ocean homes. Bathed in 
warm tropical waters, the coral animals and their symbiotic algal partners 
evolved to survive at the upper limit of ocean water temperature. 

Together, climate change and human activity pose dual threats to the long- 
term survival of the world's coral reefs. As global warming due to fossil 


fuel emissions raises ocean temperatures, coral reefs are suffering. The 
excessive warmth causes the reefs to expel their symbiotic, food-producing 
algae, resulting in a phenomenon known as bleaching. When bleaching 
occurs, the reefs lose much of their characteristic color as the algae and the 
coral animals die if loss of the symbiotic zooxanthellae is prolonged. 
Rising levels of atmospheric carbon dioxide further threaten the corals in 
other ways; as CO,» dissolves in ocean waters, it lowers the pH and 
increases ocean acidity. As acidity increases, it interferes with the 
calcification that normally occurs as coral animals build their calcium 
carbonate homes. 

When a coral reef begins to die, species diversity plummets as animals lose 
food and shelter. Coral reefs are also economically important tourist 
destinations, so the decline of coral reefs poses a serious threat to coastal 
economies. 

Human population growth has damaged corals in other ways, too. As 
human coastal populations increase, the runoff of sediment and agricultural 
chemicals has increased, too, causing some of the once-clear tropical 
waters to become cloudy. At the same time, overfishing of popular fish 
species has allowed the predator species that eat corals to go unchecked. 
Although a rise in global temperatures of 1-2*C (a conservative scientific 
projection) in the coming decades may not seem large, it is very significant 
to this biome. When change occurs rapidly, species can become extinct 
before evolution leads to new adaptations. Many scientists believe that 
global warming, with its rapid (in terms of evolutionary time) and 
inexorable increases in temperature, is tipping the balance beyond the point 
at which many of the world's coral reefs can recover. 


Estuaries: Where the Ocean Meets Fresh Water 


Estuaries are biomes that occur where a source of fresh water, such as a 
river, meets the ocean. Therefore, both fresh water and salt water are found 
in the same vicinity; mixing results in a diluted (brackish) saltwater. 
Estuaries form protected areas where many of the young offspring of 
crustaceans, mollusks, and fish begin their lives. Salinity is a very important 
factor that influences the organisms and the adaptations of the organisms 


found in estuaries. The salinity of estuaries varies and is based on the rate of 
flow of its freshwater sources. Once or twice a day, high tides bring salt 
water into the estuary. Low tides occurring at the same frequency reverse 
the current of salt water. 


The short-term and rapid variation in salinity due to the mixing of fresh 
water and salt water is a difficult physiological challenge for the plants and 
animals that inhabit estuaries. Many estuarine plant species are halophytes: 
plants that can tolerate salty conditions. Halophytic plants are adapted to 
deal with the salinity resulting from saltwater on their roots or from sea 
spray. In some halophytes, filters in the roots remove the salt from the water 
that the plant absorbs. Other plants are able to pump oxygen into their roots. 
Animals, such as mussels and clams (phylum Mollusca), have developed 
behavioral adaptations that expend a lot of energy to function in this rapidly 
changing environment. When these animals are exposed to low salinity, 
they stop feeding, close their shells, and switch from aerobic respiration (in 
which they use gills) to anaerobic respiration (a process that does not 
require oxygen). When high tide returns to the estuary, the salinity and 
oxygen content of the water increases, and these animals open their shells, 
begin feeding, and return to aerobic respiration. 


Freshwater Biomes 


Freshwater biomes include lakes and ponds (standing water) as well as 
rivers and streams (flowing water). They also include wetlands, which will 
be discussed later. Humans rely on freshwater biomes to provide aquatic 
resources for drinking water, crop irrigation, sanitation, and industry. These 
various roles and human benefits are referred to as ecosystem services. 
Lakes and ponds are found in terrestrial landscapes and are, therefore, 
connected with abiotic and biotic factors influencing these terrestrial 
biomes. 


Lakes and Ponds 


Lakes and ponds can range in area from a few square meters to thousands 
of square kilometers. Temperature is an important abiotic factor affecting 
living things found in lakes and ponds. In the summer, thermal stratification 
of lakes and ponds occurs when the upper layer of water is warmed by the 
sun and does not mix with deeper, cooler water. Light can penetrate within 
the photic zone of the lake or pond. Phytoplankton (algae and 
cyanobacteria) are found here and carry out photosynthesis, providing the 
base of the food web of lakes and ponds. Zooplankton, such as rotifers and 
small crustaceans, consume these phytoplankton. At the bottom of lakes 
and ponds, bacteria in the aphotic zone break down dead organisms that 
sink to the bottom. 


Nitrogen and phosphorus are important limiting nutrients in lakes and 
ponds. Because of this, they are determining factors in the amount of 
phytoplankton growth in lakes and ponds. When there is a large input of 
nitrogen and phosphorus (from sewage and runoff from fertilized lawns and 
farms, for example), the growth of algae skyrockets, resulting in a large 
accumulation of algae called an algal bloom. Algal blooms ([link]) can 
become so extensive that they reduce light penetration in water. As a result, 
the lake or pond becomes aphotic and photosynthetic plants cannot survive. 
When the algae die and decompose, severe oxygen depletion of the water 
occurs. Fishes and other organisms that require oxygen are then more likely 
to die, and resulting dead zones are found across the globe. Lake Erie and 
the Gulf of Mexico represent freshwater and marine habitats where 
phosphorus control and storm water runoff pose significant environmental 
challenges. 


The uncontrolled growth of 
algae in this lake has resulted in 
an algal bloom. (credit: Jeremy 

Nettleton) 


Rivers and Streams 


Rivers and streams are continuously moving bodies of water that carry large 
amounts of water from the source, or headwater, to a lake or ocean. The 
largest rivers include the Nile River in Africa, the Amazon River in South 
America, and the Mississippi River in North America. 


Abiotic features of rivers and streams vary along the length of the river or 
stream. Streams begin at a point of origin referred to as source water. The 
source water is usually cold, low in nutrients, and clear. The channel (the 
width of the river or stream) is narrower than at any other place along the 
length of the river or stream. Because of this, the current is often faster here 
than at any other point of the river or stream. 


The fast-moving water results in minimal silt accumulation at the bottom of 
the river or stream; therefore, the water is clear. Photosynthesis here is 
mostly attributed to algae that are growing on rocks; the swift current 
inhibits the growth of phytoplankton. An additional input of energy can 


come from leaves or other organic material that falls into the river or stream 
from trees and other plants that border the water. When the leaves 
decompose, the organic material and nutrients in the leaves are returned to 
the water. Plants and animals have adapted to this fast-moving water. For 
instance, leeches (phylum Annelida) have elongated bodies and suckers on 
both ends. These suckers attach to the substrate, keeping the leech anchored 
in place. Freshwater trout species (phylum Chordata) are an important 
predator in these fast-moving rivers and streams. 


As the river or stream flows away from the source, the width of the channel 
gradually widens and the current slows. This slow-moving water, caused by 
the gradient decrease and the volume increase as tributaries unite, has more 
sedimentation. Phytoplankton can also be suspended in slow-moving water. 
Therefore, the water will not be as clear as it is near the source. The water is 
also warmer. Worms (phylum Annelida) and insects (phylum Arthropoda) 
can be found burrowing into the mud. The higher order predator vertebrates 
(phylum Chordata) include waterfowl, frogs, and fishes. These predators 
must find food in these slow moving, sometimes murky, waters and, unlike 
the trout in the waters at the source, these vertebrates may not be able to use 
vision as their primary sense to find food. Instead, they are more likely to 
use taste or chemical cues to find prey. 


Wetlands 


Wetlands are environments in which the soil is either permanently or 
periodically saturated with water. Wetlands are different from lakes because 
wetlands are shallow bodies of water whereas lakes vary in depth. 
Emergent vegetation consists of wetland plants that are rooted in the soil 
but have portions of leaves, stems, and flowers extending above the water”s 
surface. There are several types of wetlands including marshes, swamps, 
bogs, mudflats, and salt marshes ([link]). The three shared characteristics 
among these types—what makes them wetlands—are their hydrology, 
hydrophytic vegetation, and hydric soils. 


Located in southern Florida, 
Everglades National Park is vast 
array of wetland environments, 
including sawgrass marshes, 
Cypress swamps, and estuarine 
mangrove forests. Here, a great 
egret walks among cypress 
trees. (credit: NPS) 


Freshwater marshes and swamps are characterized by slow and steady 
water flow. Bogs develop in depressions where water flow is low or 
nonexistent. Bogs usually occur in areas where there is a clay bottom with 
poor percolation. Percolation is the movement of water through the pores in 
the soil or rocks. The water found in a bog is stagnant and oxygen depleted 
because the oxygen that is used during the decomposition of organic matter 
is not replaced. As the oxygen in the water is depleted, decomposition 
slows. This leads to organic acids and other acids building up and lowering 
the pH of the water. At a lower pH, nitrogen becomes unavailable to plants. 
This creates a challenge for plants because nitrogen is an important limiting 
resource. Some types of bog plants (such as sundews, pitcher plants, and 
Venus flytraps) capture insects and extract the nitrogen from their bodies. 
Bogs have low net primary productivity because the water found in bogs 
has low levels of nitrogen and oxygen. 


Section Summary 


Aquatic ecosystems include both saltwater and freshwater biomes. The 
abiotic factors important for the structuring of aquatic ecosystems can be 
different than those seen in terrestrial systems. Sunlight is a driving force 
behind the structure of forests and also is an important factor in bodies of 
water, especially those that are very deep, because of the role of 
photosynthesis in sustaining certain organisms. Density and temperature 
shape the structure of aquatic systems. Oceans may be thought of as 
consisting of different zones based on water depth and distance from the 
shoreline and light penetrance. Different kinds of organisms are adapted to 
the conditions found in each zone. Coral reefs are unique marine 
ecosystems that are home to a wide variety of species. Estuaries are found 
where rivers meet the ocean; their shallow waters provide nourishment and 
shelter for young crustaceans, mollusks, fishes, and many other species. 
Freshwater biomes include lakes, ponds, rivers, streams, and wetlands. 
Bogs are an interesting type of wetland characterized by standing water, 
lower pH, and a lack of nitrogen. 


Art Connections 


Exercise: 


Problem: 


[link] In which of the following regions would you expect to find 
photosynthetic organisms? 


a. the aphotic zone, the neritic zone, the oceanic zone, and the 
benthic realm 

b. the photic zone, the intertidal zone, the neritic zone, and the 
oceanic zone 

c. the photic zone, the abyssal zone, the neritic zone, and the 
oceanic zone 

d. the pelagic realm, the aphotic zone, the neritic zone, and the 
oceanic zone 


Solution: 


[link] C. Photosynthetic organisms would be found in the photic, 
abyssal, neritic, and oceanic zones. 


Review Questions 


Exercise: 


Problem: 


Where would you expect to find the most photosynthesis in an ocean 
biome? 


a. aphotic zone 
b. abyssal zone 
c. benthic realm 
d. intertidal zone 


Solution: 
D 
Exercise: 
Problem:A key feature of estuaries is: 


a. low light conditions and high productivity 
b. salt water and fresh water 

c. frequent algal blooms 

d. little or no vegetation 


Solution: 


B 


Free Response 


Exercise: 
Problem: 
Scientists have discovered the bodies of humans and other living 
things buried in bogs for hundreds of years, but not yet decomposed. 


Suggest a possible biological explanation for why such bodies are so 
well-preserved. 


Solution: 

Bogs are low in oxygen and high in organic acids. The low oxygen 

content and the low pH both slow the rate of decomposition. 
Exercise: 

Problem: 


Describe the conditions and challenges facing organisms living in the 
intertidal zone. 


Solution: 


Organisms living in the intertidal zone must tolerate periodic exposure 
to air and sunlight and must be able to be periodically dry. They also 
must be able to endure the pounding waves; for this reason, some 
shoreline organisms have hard exoskeletons that provide protection 
while also reducing the likelihood of drying out. 


Glossary 


abyssal zone 
deepest part of the ocean at depths of 4000 m or greater 


algal bloom 
rapid increase of algae in an aquatic system 


aphotic zone 
part of the ocean where no light penetrates 


benthic realm 
(also, benthic zone) part of the ocean that extends along the ocean 
bottom from the shoreline to the deepest parts of the ocean floor 


channel 
width of a river or stream from one bank to the other bank 


coral reef 
ocean ridges formed by marine invertebrates living in warm, shallow 
waters within the photic zone 


cryptofauna 
invertebrates found within the calcium carbonate substrate of coral 
reefs 


ecosystem services 
human benefits and services provided by natural ecosystems 


emergent vegetation 
wetland plants that are rooted in the soil but have portions of leaves, 
stems, and flowers extending above the water”s surface 


estuary 
biomes where a source of fresh water, such as a river, meets the ocean 


intertidal zone 
part of the ocean that is closest to land; parts extend above the water at 
low tide 


neritic zone 
part of the ocean that extends from low tide to the edge of the 
continental shelf 


oceanic zone 
part of the ocean that begins offshore where the water measures 200 m 
deep or deeper 


pelagic realm 


(also, pelagic zone) open ocean waters that are not close to the bottom 
or near the shore 


photic zone 
portion of the ocean that light can penetrate 


planktivore 
animal species that eats plankton 


predator 
animal species that hunt and are carnivores or “flesh eaters” 


Sargassum 
type of free-floating marine seaweed 


source water 
point of origin of a river or stream 


Biomas acuáticos II 


Abiotic Factors Influencing Aquatic Biomes 


Introduction 

"There's nothing wrong with enjoying looking at the surface of the ocean 
itself, except that when you finally see what goes on underwater, you 
realize that you*ve been missing the whole point of the ocean. Staying on 
the surface all the time is like going to the circus and staring at the outside 
of the tent." — Dave Barry 


Like terrestrial biomes, aquatic biomes are influenced by a series of abiotic 
factors. The aquatic medium—water— has different physical and chemical 
properties than air, however. Even if the water in a pond or other body of 
water is perfectly clear (there are no suspended particles), water, on its own, 
absorbs light. As one descends into a deep body of water, there will 
eventually be a depth which the sunlight cannot reach. While there are some 
abiotic and biotic factors in a terrestrial ecosystem that might obscure light 
(like fog, dust, or insect swarms), usually these are not permanent features 
of the environment. The importance of light in aquatic biomes is central to 
the communities of organisms found in both freshwater and marine 
ecosystems. In freshwater systems, stratification due to differences in 
density is perhaps the most critical abiotic factor and is related to the energy 
aspects of light. The thermal properties of water (rates of heating and 
cooling) are significant to the function of marine systems and have major 
impacts on global climate and weather patterns. Marine systems are also 
influenced by large-scale physical water movements, such as currents; these 
are less important in most freshwater lakes. 


The ocean is categorized by several areas or zones ([link]). All of the 
ocean's open water is referred to as the pelagic realm. The benthic realm 
extends along the ocean bottom from the shoreline to the deepest parts of 
the ocean floor. Within the pelagic realm is the photic zone, which is the 
portion of the ocean that light can penetrate (approximately 200 m or 650 
ft). At depths greater than 200 m, light cannot penetrate; thus, this is 
referred to as the aphotic zone. The majority of the ocean is aphotic and 
lacks sufficient light for photosynthesis. The deepest part of the ocean, the 


Challenger Deep (in the Mariana Trench, located in the western Pacific 
Ocean), is about 11,000 m (about 6.8 mi) deep. To give some perspective on 
the depth of this trench, the ocean is, on average, 4267 m or 14,000 ft deep. 
These realms and zones are relevant to freshwater lakes as well. 


Note: 


Ocean Zones 


Neritic Intertidal 
zone : zone 


i Oceanic zone 
! 


Pelagic realm 


The ocean is divided into different zones 
based on water depth and distance from the 
shoreline. 


Marine Biomes 


The ocean is the largest marine biome. It is a continuous body of salt water 
that is relatively uniform in chemical composition; it is a weak solution of 
mineral salts and decayed biological matter. Within the ocean, coral reefs 
are a second kind of marine biome. Estuaries, coastal areas where salt water 
and fresh water mix, form a third unique marine biome. 


Ocean 


The physical diversity of the ocean is a significant influence on plants, 
animals, and other organisms. The ocean is categorized into different zones 
based on how far light reaches into the water. Each zone has a distinct 
group of species adapted to the biotic and abiotic conditions particular to 
that zone. 


The intertidal zone, which is the zone between high and low tide, is the 
oceanic region that is closest to land ([link]). Generally, most people think 
of this portion of the ocean as a sandy beach. In some cases, the intertidal 
zone is indeed a sandy beach, but it can also be rocky or muddy. The 
intertidal zone is an extremely variable environment because of tides. 
Organisms are exposed to air and sunlight at low tide and are underwater 
during high tide. Therefore, living things that thrive in the intertidal zone 
are adapted to being dry for long periods of time. The shore of the intertidal 
zone is also repeatedly struck by waves, and the organisms found there are 
adapted to withstand damage from the pounding action of the waves 
([link]). The exoskeletons of shoreline crustaceans (such as the shore crab, 
Carcinus maenas) are tough and protect them from desiccation (drying out) 
and wave damage. Another consequence of the pounding waves is that few 
algae and plants establish themselves in the constantly moving rocks, sand, 
or mud. 


Sea urchins, mussel shells, and 
starfish are often found in the 


intertidal zone, shown here in 
Kachemak Bay, Alaska. (credit: 
NOAA) 


The neritic zone ([link]) extends from the intertidal zone to depths of about 
200 m (or 650 ft) at the edge of the continental shelf. Since light can 
penetrate this depth, photosynthesis can occur in the neritic zone. The water 
here contains silt and is well-oxygenated, low in pressure, and stable in 
temperature. Phytoplankton and floating Sargassum (a type of free-floating 
marine seaweed) provide a habitat for some sea life found in the neritic 
zone. Zooplankton, protists, small fishes, and shrimp are found in the neritic 
zone and are the base of the food chain for most of the world's fisheries. 


Beyond the neritic zone is the open ocean area known as the oceanic zone 
([link]). Within the oceanic zone there is thermal stratification where warm 
and cold waters mix because of ocean currents. Abundant plankton serve as 
the base of the food chain for larger animals such as whales and dolphins. 
Nutrients are scarce and this is a relatively less productive part of the 
marine biome. When photosynthetic organisms and the protists and animals 
that feed on them die, their bodies fall to the bottom of the ocean where 
they remain; unlike freshwater lakes, the open ocean lacks a process for 
bringing the organic nutrients back up to the surface. The majority of 
organisms in the aphotic zone include sea cucumbers (phylum 
Echinodermata) and other organisms that survive on the nutrients contained 
in the dead bodies of organisms in the photic zone. 


Beneath the pelagic zone is the benthic realm, the deepwater region beyond 
the continental shelf ([link]). The bottom of the benthic realm is comprised 
of sand, silt, and dead organisms. Temperature decreases, remaining above 
freezing, as water depth increases. This is a nutrient-rich portion of the 
ocean because of the dead organisms that fall from the upper layers of the 
ocean. Because of this high level of nutrients, a diversity of fungi, sponges, 
sea anemones, marine worms, sea stars, fishes, and bacteria exist. 


The deepest part of the ocean is the abyssal zone, which is at depths of 4000 
m or greater. The abyssal zone ([link]) is very cold and has very high 
pressure, high oxygen content, and low nutrient content. There are a variety 
of invertebrates and fishes found in this zone, but the abyssal zone does not 
have plants because of the lack of light. Hydrothermal vents are found 
primarily in the abyssal zone; chemosynthetic bacteria utilize the hydrogen 
sulfide and other minerals emitted from the vents as an energy source and 
serve as the base of the food chain found in the abyssal zone. 


Coral Reefs 


Coral reefs are ocean ridges formed by marine invertebrates living in warm 
shallow waters within the photic zone of the ocean. They are found within 
30” north and south of the equator. The Great Barrier Reef is a well-known 
reef system located several miles off the northeastern coast of Australia. 
Other coral reef systems are fringing islands, which are directly adjacent to 
land, or atolls, which are circular reef systems surrounding a former 
landmass that is now underwater. The coral organisms (members of phylum 
Cnidaria) are colonies of saltwater polyps that secrete a calcium carbonate 
skeleton. These calcium-rich skeletons slowly accumulate, forming the 
underwater reef ([link]). Corals found in shallower waters (at a depth of 
approximately 60 m or about 200 ft) have a mutualistic relationship with 
photosynthetic unicellular algae. The relationship provides corals with the 
majority of the nutrition and the energy they require. The waters in which 
these corals live are nutritionally poor and, without this mutualism, it would 
not be possible for large corals to grow. Some corals living in deeper and 
colder water do not have a mutualistic relationship with algae; these corals 
attain energy and nutrients using stinging cells on their tentacles to capture 


prey. 


It is estimated that more than 4,000 fish species inhabit coral reefs. These 
fishes can feed on coral, the cryptofauna (invertebrates found within the 
calcium carbonate substrate of the coral reefs), or the seaweed and algae 
that are associated with the coral. In addition, some fish species inhabit the 
boundaries of a coral reef; these species include predators, herbivores, or 


planktivores. Predators are animal species that hunt and are carnivores or 
“flesh eaters.” Herbivores eat plant material, and planktivores eat plankton. 


Coral reefs are formed by 
the calcium carbonate 
skeletons of coral 
organisms, which are 
marine invertebrates in 
the phylum Cnidaria. 
(credit: Terry Hughes) 


Note: 

Evolution Connection 

Global Decline of Coral Reefs 

It takes a long time to build a coral reef. The animals that create coral reefs 
have evolved over millions of years, continuing to slowly deposit the 


calcium carbonate that forms their characteristic ocean homes. Bathed in 
warm tropical waters, the coral animals and their symbiotic algal partners 
evolved to survive at the upper limit of ocean water temperature. 

Together, climate change and human activity pose dual threats to the long- 
term survival of the world's coral reefs. As global warming due to fossil 
fuel emissions raises ocean temperatures, coral reefs are suffering. The 
excessive warmth causes the reefs to expel their symbiotic, food-producing 
algae, resulting in a phenomenon known as bleaching. When bleaching 
occurs, the reefs lose much of their characteristic color as the algae and the 
coral animals die if loss of the symbiotic zooxanthellae is prolonged. 
Rising levels of atmospheric carbon dioxide further threaten the corals in 
other ways; as CO,» dissolves in ocean waters, it lowers the pH and 
increases ocean acidity. As acidity increases, it interferes with the 
calcification that normally occurs as coral animals build their calcium 
carbonate homes. 

When a coral reef begins to die, species diversity plummets as animals lose 
food and shelter. Coral reefs are also economically important tourist 
destinations, so the decline of coral reefs poses a serious threat to coastal 
economies. 

Human population growth has damaged corals in other ways, too. As 
human coastal populations increase, the runoff of sediment and agricultural 
chemicals has increased, too, causing some of the once-clear tropical 
waters to become cloudy. At the same time, overfishing of popular fish 
species has allowed the predator species that eat corals to go unchecked. 
Although a rise in global temperatures of 1-2*C (a conservative scientific 
projection) in the coming decades may not seem large, it is very significant 
to this biome. When change occurs rapidly, species can become extinct 
before evolution leads to new adaptations. Many scientists believe that 
global warming, with its rapid (in terms of evolutionary time) and 
inexorable increases in temperature, is tipping the balance beyond the point 
at which many of the world's coral reefs can recover. 


Estuaries: Where the Ocean Meets Fresh Water 


Estuaries are biomes that occur where a source of fresh water, such as a 
river, meets the ocean. Therefore, both fresh water and salt water are found 
in the same vicinity; mixing results in a diluted (brackish) saltwater. 
Estuaries form protected areas where many of the young offspring of 
crustaceans, mollusks, and fish begin their lives. Salinity is a very important 
factor that influences the organisms and the adaptations of the organisms 
found in estuaries. The salinity of estuaries varies and is based on the rate of 
flow of its freshwater sources. Once or twice a day, high tides bring salt 
water into the estuary. Low tides occurring at the same frequency reverse 
the current of salt water. 


The short-term and rapid variation in salinity due to the mixing of fresh 
water and salt water is a difficult physiological challenge for the plants and 
animals that inhabit estuaries. Many estuarine plant species are halophytes: 
plants that can tolerate salty conditions. Halophytic plants are adapted to 
deal with the salinity resulting from saltwater on their roots or from sea 
spray. In some halophytes, filters in the roots remove the salt from the water 
that the plant absorbs. Animals, such as mussels and clams (phylum 
Mollusca), have developed behavioral adaptations that expend a lot of 
energy to function in this rapidly changing environment. When these 
animals are exposed to low salinity, they stop feeding, close their shells, and 
switch from aerobic respiration (in which they use gills) to anaerobic 
respiration (a process that does not require oxygen). When high tide returns 
to the estuary, the salinity and oxygen content of the water increases, and 
these animals open their shells, begin feeding, and return to aerobic 
respiration. 


Freshwater Biomes 


Freshwater biomes include lakes and ponds (standing water) as well as 
rivers and streams (flowing water). They also include wetlands, which will 
be discussed later. Humans rely on freshwater biomes to provide aquatic 
resources for drinking water, crop irrigation, sanitation, and industry. These 
various roles and human benefits are referred to as ecosystem services. 
Lakes and ponds are found in terrestrial landscapes and are, therefore, 
connected with abiotic and biotic factors influencing these terrestrial 
biomes. 


Lakes and Ponds 


Lakes and ponds can range in area from a few square meters to thousands 
of square kilometers. Temperature is an important abiotic factor affecting 
living things found in lakes and ponds. In the summer, thermal stratification 
of lakes and ponds occurs when the upper layer of water is warmed by the 
sun and does not mix with deeper, cooler water. Light can penetrate within 
the photic zone of the lake or pond. Phytoplankton (algae and 
cyanobacteria) are found here and carry out photosynthesis, providing the 
base of the food web of lakes and ponds. Zooplankton, such as rotifers and 
small crustaceans, consume these phytoplankton. At the bottom of lakes 
and ponds, bacteria in the aphotic zone break down dead organisms that 
sink to the bottom. 


Nitrogen and phosphorus are important limiting nutrients in lakes and 
ponds. Because of this, they are determining factors in the amount of 
phytoplankton growth in lakes and ponds. When there is a large input of 
nitrogen and phosphorus (from sewage and runoff from fertilized lawns and 
farms, for example), the growth of algae skyrockets, resulting in a large 
accumulation of algae called an algal bloom. Algal blooms ([link]) can 
become so extensive that they reduce light penetration in water. As a result, 
the lake or pond becomes aphotic and photosynthetic plants cannot survive. 
When the algae die and decompose, severe oxygen depletion of the water 
occurs. Fishes and other organisms that require oxygen are then more likely 
to die, and resulting dead zones are found across the globe. Lake Erie and 
the Gulf of Mexico represent freshwater and marine habitats where 
phosphorus control and storm water runoff pose significant environmental 
challenges. 


The uncontrolled growth of 
algae in this lake has resulted in 
an algal bloom. (credit: Jeremy 

Nettleton) 


Rivers and Streams 


Rivers and streams are continuously moving bodies of water that carry large 
amounts of water from the source, or headwater, to a lake or ocean. The 
largest rivers include the Nile River in Africa, the Amazon River in South 
America, and the Mississippi River in North America. 


Abiotic features of rivers and streams vary along the length of the river or 
stream. Streams begin at a point of origin referred to as source water. The 
source water is usually cold, low in nutrients, and clear. The channel (the 
width of the river or stream) is narrower than at any other place along the 
length of the river or stream. Because of this, the current is often faster here 
than at any other point of the river or stream. 


The fast-moving water results in minimal silt accumulation at the bottom of 
the river or stream; therefore, the water is clear. Photosynthesis here is 
mostly attributed to algae that are growing on rocks; the swift current 
inhibits the growth of phytoplankton. An additional input of energy can 


come from leaves or other organic material that falls into the river or stream 
from trees and other plants that border the water. When the leaves 
decompose, the organic material and nutrients in the leaves are returned to 
the water. Plants and animals have adapted to this fast-moving water. For 
instance, leeches (phylum Annelida) have elongated bodies and suckers on 
both ends. These suckers attach to the substrate, keeping the leech anchored 
in place. Freshwater trout species (phylum Chordata) are an important 
predator in these fast-moving rivers and streams. 


As the river or stream flows away from the source, the width of the channel 
gradually widens and the current slows. This slow-moving water, caused by 
the gradient decrease and the volume increase as tributaries unite, has more 
sedimentation. Phytoplankton can also be suspended in slow-moving water. 
Therefore, the water will not be as clear as it is near the source. The water is 
also warmer. Worms (phylum Annelida) and insects (phylum Arthropoda) 
can be found burrowing into the mud. The higher order predator vertebrates 
(phylum Chordata) include waterfowl, frogs, and fishes. These predators 
must find food in these slow moving, sometimes murky, waters and, unlike 
the trout in the waters at the source, these vertebrates may not be able to use 
vision as their primary sense to find food. Instead, they are more likely to 
use taste or chemical cues to find prey. 


Wetlands 


Wetlands are environments in which the soil is either permanently or 
periodically saturated with water. Wetlands are different from lakes because 
wetlands are shallow bodies of water whereas lakes vary in depth. Emergent 
vegetation consists of wetland plants that are rooted in the soil but have 
portions of leaves, stems, and flowers extending above the water?s surface. 
There are several types of wetlands including marshes, swamps, bogs, 
mudflats, and salt marshes ([link]). The three shared characteristics among 
these types—what makes them wetlands—are their hydrology, hydrophytic 
vegetation, and hydric soils. 


Located in southern Florida, 
Everglades National Park is vast 
array of wetland environments, 
including sawgrass marshes, 
Cypress swamps, and estuarine 
mangrove forests. Here, a great 
egret walks among cypress 
trees. (credit: NPS) 


Freshwater marshes and swamps are characterized by slow and steady 
water flow. Bogs develop in depressions where water flow is low or 
nonexistent. Bogs usually occur in areas where there is a clay bottom with 
poor percolation. Percolation is the movement of water through the pores in 
the soil or rocks. The water found in a bog is stagnant and oxygen depleted 
because the oxygen that is used during the decomposition of organic matter 
is not replaced. As the oxygen in the water is depleted, decomposition 
slows. This leads to organic acids and other acids building up and lowering 
the pH of the water. At a lower pH, nitrogen becomes unavailable to plants. 
This creates a challenge for plants because nitrogen is an important limiting 
resource. Some types of bog plants (such as sundews, pitcher plants, and 
Venus flytraps) capture insects and extract the nitrogen from their bodies. 
Bogs have low net primary productivity because the water found in bogs 
has low levels of nitrogen and oxygen. 


Biomas acuáticos de aguas dulces 


Introduction 

"For as the element of water lies in the middle of the globe, so, the branches 
run out from the root in its circuit on all sides towards the plains and 
towards the light. From this root very many branches are born.” Paracelsus, 
"The Philosophy of the Generation of the Elements", Book the Fourth, Text 
II. In The Hermetic and Alchemical Writings of Aureolus Phillipus 
Theophrastus Bombast, of Hohenheim, called Paracelsus the Great, 
translated by A.E. Waite (1894), 1:232. 


The alchemical thinking of Paracelsus might seem unscientific today, but 
his insights about the central nature of water are still viable. Freshwater 
biomes are among the most important on the planet in terms of species 
diversity and ecosystem services. Abiotic and biotic (including human) 
impacts on these biomes are among the most important factors in 
influencing these functions, and their role in the various biogeochemical 
cycles cannot be overstated. 


Abiotic Factors Influencing Aquatic Biomes 


Aquatic biomes are influenced by a series of abiotic factors associated with 
water, and these factors include the amount of light, stratification due to 
temperature, and the thermal properties of water. Another abiotic factor is 
nutrients, review the following information about freshwater biomes and 
begin to think about how human disturbances can affect freshwater 
ecosystems. 


Freshwater Biomes 


Freshwater biomes include lakes and ponds (standing water) as well as 
rivers and streams (flowing water). They also include wetlands, which will 
be discussed later. Humans rely on freshwater biomes to provide aquatic 
resources for drinking water, crop irrigation, sanitation, and industry. These 
various roles and human benefits are referred to as ecosystem services. 
Lakes and ponds are found in terrestrial landscapes and are, therefore, 


connected with abiotic and biotic factors influencing these terrestrial 
biomes. 


Lakes and Ponds 


Lakes and ponds can range in area from a few square meters to thousands 
of square kilometers. Temperature is an important abiotic factor affecting 
living things found in lakes and ponds. In the summer, thermal stratification 
of lakes and ponds occurs when the upper layer of water is warmed by the 
sun and does not mix with deeper, cooler water. Light can penetrate within 
the photic zone of the lake or pond. Phytoplankton (algae and 
cyanobacteria) are found here and carry out photosynthesis, providing the 
base of the food web of lakes and ponds. Zooplankton, such as rotifers and 
small crustaceans, consume these phytoplankton. At the bottom of lakes 
and ponds, bacteria in the aphotic zone break down dead organisms that 
sink to the bottom. 


Nitrogen and phosphorus are important limiting nutrients in lakes and 
ponds. Because of this, they are determining factors in the amount of 
phytoplankton growth in lakes and ponds. When there is a large input of 
nitrogen and phosphorus (from sewage and runoff from fertilized lawns and 
farms, for example), the growth of algae skyrockets, resulting in a large 
accumulation of algae called an algal bloom. Algal blooms can become so 
extensive that they reduce light penetration in water. As a result, the lake or 
pond becomes aphotic and photosynthetic plants cannot survive. When the 
algae die and decompose, severe oxygen depletion of the water occurs. 
Fishes and other organisms that require oxygen are then more likely to die, 
and resulting dead zones are found across the globe. Lake Erie and the Gulf 
of Mexico represent freshwater and marine habitats where phosphorus 
control and storm water runoff pose significant environmental challenges. 


Rivers and Streams 


Rivers and streams are continuously moving bodies of water that carry large 
amounts of water from the source, or headwater, to a lake or ocean. The 
largest rivers include the Nile River in Africa, the Amazon River in South 
America, and the Mississippi River in North America. 


Abiotic features of rivers and streams vary along the length of the river or 
stream. Streams begin at a point of origin referred to as source water. The 
source water is usually cold, low in nutrients, and clear. The channel (the 
width of the river or stream) is narrower than at any other place along the 
length of the river or stream. Because of this, the current is often faster here 
than at any other point of the river or stream. 


The fast-moving water results in minimal silt accumulation at the bottom of 
the river or stream, therefore, the water is clear. Photosynthesis here is 
mostly attributed to algae that are growing on rocks; the swift current 
inhibits the growth of phytoplankton. An additional input of energy can 
come from leaves or other organic material that falls into the river or stream 
from trees and other plants that border the water. When the leaves 
decompose, the organic material and nutrients in the leaves are returned to 
the water. Plants and animals have adapted to this fast-moving water. For 
instance, leeches (phylum Annelida) have elongated bodies and suckers on 
both ends. These suckers attach to the substrate, keeping the leech anchored 
in place. Freshwater trout species (phylum Chordata) are an important 
predator in these fast-moving rivers and streams. 


As the river or stream flows away from the source, the width of the channel 
gradually widens and the current slows. This slow-moving water, caused by 
the gradient decrease and the volume increase as tributaries unite, has more 
sedimentation. Phytoplankton can also be suspended in slow-moving water. 
Therefore, the water will not be as clear as it is near the source. The water is 
also warmer. Worms (phylum Annelida) and insects (phylum Arthropoda) 
can be found burrowing into the mud. The higher order predator vertebrates 
(phylum Chordata) include waterfowl, frogs, and fishes. These predators 
must find food in these slow moving, sometimes murky, waters and, unlike 
the trout in the waters at the source, these vertebrates may not be able to use 
vision as their primary sense to find food. Instead, they are more likely to 
use taste or chemical cues to find prey. 


Wetlands 


Wetlands are environments in which the soil is either permanently or 
periodically saturated with water. Wetlands are different from lakes because 
wetlands are shallow bodies of water whereas lakes vary in depth. Emergent 
vegetation consists of wetland plants that are rooted in the soil but have 
portions of leaves, stems, and flowers extending above the water?s surface. 
There are several types of wetlands including marshes, swamps, bogs, 
mudflats, and salt marshes. The three shared characteristics among these 
types—what makes them wetlands—are their hydrology, hydrophytic 
vegetation, and hydric soils. 


Freshwater marshes and swamps are characterized by slow and steady 
water flow. Bogs develop in depressions where water flow is low or 
nonexistent. Bogs usually occur in areas where there is a clay bottom with 
poor percolation. Percolation is the movement of water through the pores in 
the soil or rocks. The water found in a bog is stagnant and oxygen depleted 
because the oxygen that is used during the decomposition of organic matter 
is not replaced. As the oxygen in the water is depleted, decomposition 
slows. This leads to organic acids and other acids building up and lowering 
the pH of the water. At a lower pH, nitrogen becomes unavailable to plants. 
This creates a challenge for plants because nitrogen is an important limiting 
resource. Some types of bog plants (such as sundews, pitcher plants, and 
Venus flytraps) capture insects and extract the nitrogen from their bodies. 
Bogs have low net primary productivity because the water found in bogs 
has low levels of nitrogen and oxygen. 


